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FOREWORD 


In January 1966, the Federal Power Commission established six Regional 
Advisory Committees to assist the Commission in updating the National Power 
Survey through the development of individual regional reports. 

The reports of the Regional Advisory Committees compose Volumes II and III 
of the full survey report. The information supplements that of the Commission’s 
own report in Volume I, and includes a wealth of data which will be of interest to 
reviewers concerned with power system organizations and practices in the different 
regions, the projected loads for the future, and the anticipated means of meeting 
these loads to the year 1990. 

As in all Commission Advisory Committee activities, the Commission’s staff 
has participated in the deliberations of the Committees. While consultation and 
suggestions have been freely exchanged by the Committees and staff, the final reports 
are the products of the Committees. 

We gratefully acknowledge the participation of the members of the Regional 
Advisory Committees and the many others who assisted them in these studies. 
Memberships of the individual Regional Advisory Committees are shown in the 
corresponding report sections of this volume. 
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PREFACE 


On January 24, 1962, the Federal Power Commission announced plans for conducting a National Power 
Survey. The ensuing studies were carried out by the Commission and its staff, with major. assistance from 
Industry Advisory Committees established to assist with the preparation of technical material and to provide 
consultations and advice. The report, published in 1964, was intended to provide a guide for future planning 
by the electric power industry, and to provide a general reference document for statistical and technical data 
associated with power developments. 

The electric power industry is a dynamic one, changing from day to day to meet new demands and to 
reflect new technologies. It was recognized at the time the National Power Survey was undertaken that the 
published report would soon be out-dated by progress made by the industry, and plans were developed for 
up-dating the survey at about five-year intervals. In line with this intent, the Federal Power Commission 
issued an Order on July 7, 1965, establishing six Regional Advisory Committees composed of representatives 
from all segments of the electric power industry. The Order was rescinded by a slightly revised Order dated 
January 10, 1966. The revised Order says, in part: 

1. Purpose. The Regional Advisory Committees will assist the Commission and the Executive Advisory Committee 
in its work with and for the Commission and specifically in encouraging the utility systems in each Region to pursue 
courses of action consistent with the broad goals of the National Power Survey, in reporting the progress being made in 
attaining these goals, and in up-dating the guidelines of the Survey. The Committees will facilitate the exploration of all 
practicable opportunities for more efficient and reliable development and operation of power systems in each region. 
Meetings of the Committees will constitute forums for the exchange of ideas and for fostering better communication and 
understanding among all segments of the utility industry in the region. All systems of every segment of the industry would 
be encouraged to support the analyses through expressions of their needs and desires. The Committees will be consultative 
only, and they will operate within the limits established by the Commission, recognizing the appropriate corporate and 
public responsibilities of utility systems, and will function in keeping with the position of the Commission enunciated on 
many occasions that the National Power Survey is not intended as a blueprint or as a means of compelling the construction 
of particular facilities. 

Each of the six Regional Advisory Committees was requested to prepare a report covering the existing 
power developments in its Region, and setting forth its views as to the proper course for future power 
developments in its area, considering current and anticipated new technology, anticipated Regional growth 
patterns, and other pertinent factors. The report contained herein is the result of the studies made under the 
guidance of the Northeast Regional Advisory Committee. 

The basic materials for and preliminary drafts of this report were prepared by Task Forces * on Base 
Load Generation, Peaking and Quick Start Generation, Transmission, and Coordination, all under the 
general guidance of a Coordinating Committee.’ In addition, the Chapter on Fuels was abstracted from a 
report prepared by a three-region Committee + that analyzed the fuels resources and needs for the eastern 
portion of the United States, all of which is supplied from the same basic fuel sources. The staff of the New 
York Regional Office of the Federal Power Commission provided basic data and assistance to each of the 
task forces. The Task Force reports of Region I were reviewed by Advisory Committee representatives of 
adjacent regions to check for interregional compatibility. 

The members of the Northeast Regional Advisory Committee ' are deeply appreciative of the efforts 
of all of those who participated in the preparation of this report, recognizing that the work involved was an 
added assignment superimposed on regular activities. The Committee members believe that the plans 
discussed herein provide a broad framework within which future proposals can be evaluated without limiting 
the alternatives that may be available for meeting the desired objectives. 


* Membership shown in Appendix E. 
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SUMMARY 


Area and Scope 

The Northeast Regional Advisory Committee is 
concerned with the geographical area designated as 
Region I by the Federal Power Commission. It en- 
compasses, essentially, the eleven northeastern states 
of Connecticut, Delaware, Maine, Maryland, Mas- 
sachusetts, New Hampshire, New Jersey, New York, 
Pennsylvania, Rhode Island, and Vermont, together 
with the District of Columbia. While the Region 
constitutes only approximately 6 percent of the 
total continental United States area, about 27 per- 
cent of the nation’s population reside within its 
boundary.’ The largest population concentrations 
are the metropolitan areas in conjunction with the 
major cities on the eastern seaboard. The Region’s 
power supply areas and study areas are shown in 
Figure 1. 

In terms of the electric power industry, the Region 
is known as the electrical combination of the New 
England Power Pool (NEPOOL), the New York 
Power Pool (NYPP), and the Pennsylvania-New 
Jersey-Maryland Interconnection (PJM). Each of 
the three interconnected pools coordinates the plan- 
ning, engineering, and operation of its facilities. 
Jointly, they comprise a regional electrical combine 
which operates a well-coordinated regional electrical 
network. In addition to internal coordination, the 
regional entities work closely with neighboring sys- 
tems and pools. As electricity demands grow, and the 
systems become more tightly interconnected 
through the installation of additional transmission 
lines, the problems of coordination will become 
more complex. The Region continues to strive for 
the high degree of coordination necessary for reliable 
power supply at the lowest possible cost to the public, 
and has recently implemented new mechanisms to 
augment the relatively high degree of coordination 
that is currently practiced. 

This report presents a preliminary view of the 
generation and transmission addition patterns ex- 
pected to develop to the year 1990 for the north- 
eastern segment of the electric power industry. It 


1 1960 Census Data. 


discusses expected future technological develop- 
ments, considers increased demands for reliable bulk 
power supply, and recognizes a public concern for 
environmental factors such as air pollution, water 
thermal effects, and utility plant appearance. The 
report is concerned primarily with the problems of 
bulk power supply, and so does not deal directly with 
questions related to power distribution systems. 


Peak Load Forecasts 


Table I shows the 1970 to 1990 peak load fore- 
casts and capacity requirements for the Northeast 
Region. The peak load estimates have been deter- 
mined using as assumptions average or normal 
weather, and business activity progressively increas- 
ing to meet expanded consumer demand and to 
support a continuation of some limited military 
activities. 

Study Area A (New England) has an almost 
constant annual peak load increase of approximately 
6.6 percent from 1970 to 1990, resulting in a peak 
load value in 1990 that is approximately 3.5 times 
the 1970 level. Study Area B (New York) shows 
an initial annual peak load increase in PSA-3 (Up- 
state) of 5.2 percent from 1970, gradually declining 
to 5.1 percent by 1990, while PSA-4 (Downstate, 
New York City) has an initial 6 percent annual 
increase, declining to 5.2 percent in the final year. 
PSA-3 shows a 1990 peak load that is 2.7 times that 
of 1970, while the PSA—4 load increases by a multi- 
ple of 2.9. The Study Area C (Pa., N.J., Md., Del., 
D.C.) annual load growth ranges from 7.7 percent 
in 1970, to 5.8 percent in 1990 with an overall 
growth factor of 3.3 times the 1970 load. 

In estimating total Region I loads, allowances 
were made for usable diversities resulting from 
non-coincident peaks between study areas. Esti- 
mated reserve and other contingency requirements 
were then added to develop the total capacity re- 
quirement figure shown on Table 1, to be used as 
‘a guide for long-range planning. The installed 
reserve requirements shown for 1980 and 1990 for 
planning purposes are higher than would be neces- 
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TABLE 1 
Region I—Estimated Annual Peak Demands and Capacity Requirements 


[By Power Supply Areas in Region I] 


Power supply area 


Hand 25 2a to Winter Peak (Mw)..............0000- 
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Regolss, tts « be < Energy (GWH) © or. Lekota 


1 Table 2, Chapter I. 
2 Table 18, Chapter IX. 


Note.—Mw = 1000 Kw, Gw=1,000,000 Kw. 


sary or desirable if the loads and available capacities 
at these times could be precisely predicated now. 
Experience has demonstrated, however, that load 
forecasts tend to be low, lead times that are actually 
required are often longer than anticipated, and 
other factors beyond the control of the utilities tend 
to leave system operators with less dependable re- 
serves available than had been anticipated when 
initial plans were made. The relatively low reserve 
shown on Table 1 for some areas for 1970 are cases 
in point. While the general reserve requirement 
studies outlined in Chapter 5 and the general 
policies of utilities in Region I would both require 
attained reserves in the 15 to 20 percent range, 
unforeseeable circumstances have narrowed the lee- 
way between anticipated 1970 loads and the capac- 
ity that can be made available within current con- 
struction commitments to the lower-than-planned 
figures. In order to minimize the consequences of 
errors in load forecasting and lead-time estimating 
that are inherent potentialities in any long-range 
study, the Advisory Committee considers it prudent 
to set future capacity targets at progressively higher 
limits than short-range reserve requirement studies 
might suggest. It is a relatively simple matter to delay 
a planned generating facility for a year or more if 
last-minute studies show that the capacity will not 
actually be needed as previously scheduled. It is 
virtually impossible to accelerate a project a year or 


1970 1975 1980 1985 1990 

... 11,800 16,200 22,100 30,200 41, 300 
... 58,340 80,700 111,000 152,700 209, 800 
Rk OWEN 9,850 12,600 16,150 20, 650 
... 46,100 58,700 74,900 95,700 122,100 
,. "9,930" *12)900° "716,700" *21,'800 28, 600 
... 48,700 64,400 85,100 111,700 147,200 
... 24,120 33,710 45,270 60,530 80, 190 
... 129,380 181,310 244,260 327,700 435,500 
... 53,580 72,660 96,670 128,680 170,740 
... 51,230 69,590 92,770 123,770 164,640 
ETSI P OE oS SATO SP Ty 48, 770 
44 Diet: Semen Aae 2610s einndions 29. 6 
te EO ae ee 11G<690cehe ale - 213, 410 
... 282,520 385,110 515,260 687,800 914, 700 


more if the final studies show such an acceleration 
to be desirable. 


Generation 


Figures 2 and 3 portray anticipated regional 
generation and transmission additions during the 
1970-1980 and the 1970-1990 periods, respectively. 
It is expected that the regional power suppliers will 
be required to finance and install over 150,000 mega- 
watts of additional generation to supply a total of 
165,000 megawatts as the coincident peak load in 
1990. 

The studies reflected in Figures 2 and 3 included 
consideration of changing technological develop- 
ments which can minimize electric rates to the con- 
sumer. Of these developments, advancements ‘in 
the field of metallurgy and nuclear reactor design 
have been particularly significant. The general pub- 
lic interest in appearance or aesthetics of power 
plants and in air pollution control have been taken 
into account, and while meeting these desires 
requires additional costs, such action is considered 
necessary. 

The comparatively low cost fossil-fuel supply 
areas in the western Pennsylvania coal fields are 
utilized to the extent practicable. However, the 
combination of high transportation costs to load 
centers and anticipated stringent air pollution con- 
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trol may make the cost of additional high efficiency 
fossil-fired generation prohibitive to the utility, and 
ultimately to the consumer, in most parts of the 
Northeast. Cooling water resources, necessary for 
any type of electric generating equipment, are limit- 
ing factors in most of the inland areas of Region I. 

Recent enthusiasm about nuclear reactor types of 
generating equipment is evidenced in the projections 
in this report. The installation of large nuclear 
generating plants located on or near the eastern 
seaboard holds great promise for all interests in the 
future. With plants relatively near the population 
and load concentrations, transmission costs would 
be comparatively reduced. At the same time, grow- 
ing air pollution problems would be alleviated, while 
ensuring reasonable and tolerable power generating 
costs. It is also anticipated that ample supplies of 
cooling water will be available in the coastal areas 
through 1990, although cooling towers may be re- 
quired at some tidal plants. 

Both large fossil-fired and nuclear generating 
type plants are included in projected additions, in 
the role of carrying the base electric system load. 
Pumped-storage hydro generating plants have been 
included to share the job of carrying peak loads. 
Although gas or oil-fired peaking turbines and 
limited quantities of conventional hydroelectric 
generation capacity will also be installed during this 
period, they are not shown separately on the maps, 
although they are tabulated in the main body of 
this report. The optimum combination of base load, 
intermediate, and peaking units must be deter- 
mined by specific studies, but preliminary analyses 
suggest a mix by 1990, of 40, 45, and 15 percent, 
respectively, It is anticipated that the 1990 generat- 
ing capacity will be about 8 percent diesel or gas 
turbine, 3 percent conventional hydro, 7 percent 
pumped storage, 24 percent fossil-fueled thermal, 
and 58 percent nuclear. 


Transmission 


The addition of future generation in the Region 
to serve growing consumer demands will create a 
need for expansion of the transmission network. 
New transmission at existing lower voltage levels 
will be added. Where necessary, because of heavy 
power flows and longer distances, transmission at 
higher voltages will be installed to preserve the 
regional integrity and service quality. The existing 
backbone transmission an anticipated EHV addi- 
tions to 1980 and 1990 are shown on Figures 2 and 3. 


The anticipated additions involve about 2,750 miles 
of 345-Kv lines, 1,330 miles of 500 Kv, and 1,320 
miles of 765-Kv line between 1970 and 1990.? 


Location Considerations 


Nuclear plant site locations shown on Figures 2 
and 3 provides a reasonable balance between load 
and required capacity additions within geographical 
boundaries of each area, and where practical, for 
individual companies. It has been assumed that 
metropolitan nuclear plant locations will be feasible 
during this period as operating experience is gained. 
Considerations as to cooling water availability and 
limitations, land geography, and appearance 
aesthetics were factors in the siting selection. 

Limitations peculiar to siting fossil-fueled units 
such as air pollution, coal handling and storage, fuel 
cost attributed to transportation, and ash disposal 
were all weighed in the selection of the geographical 
locations. Aesthetics, natural resources, and existing 
plant facilities were considerations in basic site 
selection. 

Siting of pumped-storage plants under considera- 
tion was limited of necessity by geographical fea- 
tures. In addition to this constraint, pumped-storage 
plant location is even more greatly influenced by 
economic considerations of additional transmission 
facilities, land ownership, and even possible legisla- 
tive restrictions. 


Type Composition by Study Area 


The capacity requirements and composition by 
unit type of each individual power supply area was 
considered separately, although for discussion pur- 
poses it is expedient to group the power supply areas 
into study areas A, B, and C, as shown on Figure 1. 
Anticipated unit additions, including those required 
to offset retirements, from 1970 to 1980 to area A are 
composed of 59 percent nuclear, 12 percent fossil, 
and 29 percent pumped-storage, internal combus- 
tion, or gas-turbine peaking facilities. During the 
next ten year interval, the percentage of nuclear 
generation additions of the total capacity increases 
rapidly to 82 percent. For this same interval, only 
4 percent of the unit additions are fossil, and 14 per- 
cent peaking. 

Additions in study area B in the 1970-80 and 
1980-90 decade are estimated at 73 percent nuclear 
and 27 percent pumped storage and IC/GT ca- 
pacity for both periods, with no fossil steam units 
included. 


* Table 17, Chapter VII. 
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In study area C, nuclear generation comprises 
56 percent of the generating capacity additions be- 
tween 1970 and 1980, while 33 percent is fossil, and 
11 percent is new pumped storage and IC/GT. The 
second ten-year period, 1980 to 1990, shows a great 
increase in nuclear installations which account for 
85 percent of the total capacity additions. The re- 
main‘ng additions for this period consist of 8 percent 
fossil, and 7 percent pumped storage and IC/GT. 
Table 18 in Chapter IX, summarizes the generation 
capacity requirements for 1970, 1980 and 1990, and 
shows the breakdowns by types of generation that 
are expected to be serving the loads in those years. 


Costs 


These anticipated generation and transmission 
facility additions will create a power system that 
will have about 3.5 times the capacity of the system 
that is available today. When replacements of over- 
age and obsolete equipment are added to the growth 
requirements, the power industry in Region I will 


need to build, between now and 1990, about four 
times as much capacity as it has provided in the 
80 years of its history to the present time. 

Based on current prices, these tremendous under- 
takings will involve an investment of something like 
$50 billion dollars for generation, transmission and 
distribution facilites. Analyzing the effect of this 
investment on the price of electricity to the con- 
sumer is beyond the scope of this report. It is the 
consensus among Advisory Committee members, 
however, that, unless present inflationary trends are 
restained, it is questionable whether improvements 
in technology, such as those permitting the econo- 
mies of size, will provide enough savings to offset 
the ever-increasing costs of materials and labor. 
Whether or not there will be sufficient leeway for 
meeting the added costs of solving environmental 
and other problems without increasing the overall 
costs of electricity to the consumer, cannot be fore- 
seen at this time. 
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CHAPTER |! 


ESTIMATED FUTURE POWER REQUIREMENTS 


General 


Power system planning, when expanded to re- 
gional or national scales, is done on the basis of 
power supply areas (PSA) established by the Fed- 
eral Power Commission. These PSA’s are generally 
determined on the basis of the service areas and 
operating relationships of utility systems comprising 
them. In turn, power supply areas may be grouped 
into coordinated study areas (CSA), again deter- 
mined mainly by the degree of integration and 
coordination among component power supply 
areas. Finally, coordinated study areas are com- 
bined into power regions involving concepts of co- 
ordinated system planning and operation that are 
area-wide in nature. This pattern is consistent with 
operations in the area under the cognizance of the 
northeast Regional Advisory Committee and has 
been followed in the studies leading to this report. 

The estimates of future power requirements dis- 
cussed in this Chapter, were prepared by the staff 
of the Federal Power Commission’s New York Re- 
gional Office, with the assistance and cooperation of 
an ad hoc industry task force’ appointed by 
NERAC for that purpose. Forecasts of total needs 
represent, to a large degree, a summation of in- 
dustry expectations for the three study areas in the 
Region. Following review and revision of initial 
estimates submitted to NERAC in January 1967, up- 
dated projections were approved by the Committee 
at its Ninth Meeting in May 1968. 

Region I, which delineates the area of NERAC 
responsibility, consists of PSA’s 1 through 6, ex- 
tending east to west from the Maine-New Bruns- 
wick boundary to the Ohio-Pennsylvania border in 
northwestern Pennsylvania and north to south from 
the Canadian border to Washington, D.C. CSA A 
(PSA’s 1 and 2) is comprised of the six New Eng- 
land states and CSA B consists of PSA’s 3 and 4, 
New York State. CSA C, PSA’s 5 and 6, takes in 


* Appendix E. 


all of the states of Delaware and New Jersey, parts 
of Maryland, Pennsylvania, and Virginia, and 
Washington, D.C. Figure 1, in the preceding Sum- 
mary, shows the geographical extent of Region I 
by PSA’s and CSA’s. 

Growth in use of electric energy in the United 
States shows no sign of slackening and added years 
of record appear to justify raising the sights of 
previous long-term forecasts, if system planning 
is not to fail in its purpose of satisfying the future 
power needs of an expanding population and a vig- 
orous national economy. FPC Region I (Northeast 
Region) represents a substantial portion of the 
country’s total utility load and has shared, and is 
continuing to share, in the growth of this vital and 
dynamic industry. In 1955, Region I energy re- 
quirements were 20.6 percent of the total for the 
contiguous United States, and in 1965 they were 
19.3 percent. While the Region’s future growth rate 
may not be as great as in other parts of the country, 
its load in 1990 is estimated to still comprise over 15 
percent of the national total. 

Estimates of near future power requirements 
may differ from values taken from long-range fore- 
casts developed for the up-dated National Power 
Survey. Any discrepancy should cause no conflict, 
since the two sets of predictions serve different pur- 
poses. Under continuing review by utilities, short- 
term forecasts are subject to modification as fac- 
tors that affect use of electric energy change. Such 
projections are necessary for the formulation of 
meaningful programs of scheduled maintenance, ex- 
pansion of generating capacity and transmission 
networks, and contractual arrangements for power 
transfer within and between interconnected systems. 
On the other hand, the main purpose of long-term 
forecasts is to provide a reasonable evaluation of 
probable dimensions of power systems of the fu- 
ture and by so doing indicate the general direction 
that generating unit size, types of generation for 
specific loads, and EHV levels may be expected to 
take. These long-range estimates tend to smooth 
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out the year-to-year changes in the rate of load 
growth into general trends over the period under 
study. 


Annual Power Requirements 


Total energy requirements in Region I in 1965 
amounted to 203.7 billion kilowatt-hours with an 
associated peak demand of 36.8 million kilowatts 
and a load factor of 63.1 percent. For 1990, these 
are estimated at 914.7 billion kilowatt-hours, 164.6 
million kilowatts, and 63.4 percent. This represents 
an energy growth to nearly 4.5 times and an average 
compound rate of growth of 6.2 percent over the 
study period. 

Ranked by magnitude of energy requirements 
PSA 5 with 81 billion kilowatt-hours in 1965 is 
largest, accounting for nearly 40 percent of the re- 
gion total. This is expected to increase slightly to 
about 42.5 percent in 1990. PSA 1 with four billion 


kilowatt-hours in 1965 is smallest with about two 
percent of the region total from 1955 to 1965. 
This is estimated to decline to 1.6 percent in 1990. 
The fastest growing power supply area is expected 
to be PSA 6 with a 25-year estimated compound 
rate of growth of 7.3 percent. 

On a coordinated study area basis, CSA C (PJM 
Area) is largest, followed by CSA B (New York) 
and CSA A (New England) in that order. From 
43.7 percent of total region energy in 1965, CSA 
C is expected to account for more than 47 percent in 
1990. CSA’s A and B are each estimated to have 
less than 30 percent of regional energy in 1990. 

Table 2 shows past and estimated future: annual 
power requirements (energy, peak, and load factor) 
in Region I by PSA and CSA, Table 3 shows com- 
parative growth of energy by various indices by 
PSA’s and CSA’s. Figure 4 shows past and estimated 
future annual power requirements for the region 
and its three component CSA’s. 


TABLE 2 


Region I—Past and Estimated Future Annual Power Requirements by Power Supply Area and 
Coordinated Study Area 


Area Item Unit 1950 
PSA eee. Energy for Load _.-........_------ Gwh 1, 737 
Peak Demand 2.20 2a Mw 329 
TSOAG WAClOr teens ee ee ee % 60.3 
PS Aiea. setae Einergy forsLoad see = eee ae ee Gwh 14, 932 
Posk Demands 422-400 te Mw 3, 279 
Load Bactor sce eee % 52.0 
CS AcAwee 2 22-8 Hnergysfor/Load sacs. - 22 see QGwh 16, 669 
Peak Demand sc 22 67 e Mw 3, 608 
oad Nactor ees ee eee % 52.7 
PSAi3 Ss. 255 energy for Loade> sees 26s ee Gwh 17, 291 
Pesk Demand = sce. ee eee Mw 2, 793 
Load Factores ess set eee % 70.7 
PRA sel Mnergy for boad. 22.0. = ees QGwh 15, 491 
Peak-Démands--. 5-2 eee eee Mw 3, 531 
Load Factor. -+scaeeene. eee % 50.1 
CSA‘B 2. sees Energy for, Load 2.224262 see Gwh 32, 782 
Peak Demand 952s us see eee Mw 6, 324 
Load; Eactoresti2 se a % 59.2 
BSA §uSeee- cee nergyitor 08d. seo ee eee Gwh 31, 743 
Peak Demandcae oa eeee Mw 6, 173 
oad! Factors 40 0) ene % 58. 7 
ESA G2. ee Energy tor Load se-- see ee Gwh 2, 365 
Peak: Demand 25...) Mw 1 488 
oad! Factors-.2. 2235) 26 eee % 55.0 
CSA Oey 4. 2) Wnergy, tor oad. 229-22 eee Gwh 34, 108 
Peak Demande... aoc eae Mw 6, 646 
Load Factor Sita So ee % 58. 6 
Reg: 2. Energy, tor, LOad 3. = see ees Gwh 83, 559 
Poak Demand. 2s...-2 esse ee Mw 16, 578 
Doad Ractor fei es. _ sae % 57.5 


1955 1960 1965 1970 1975 1980 1985 1990 
2,450 3,079 4,126 5,340 6,920 8,950 11,590 15,000 
482 565 765 995 1,285 1,655 2,140 2, 760 
58.0 62.0 61.6 61,2 61.5 61.6 61.8 62.0 
20,717 27,388 37,656 53,000 73,780 102,050 141,110 194,800 
4,653 5,616 7,821 10,805 14,915 20,445 28,060 38,540 
50.8 55.5 55.0 56.0 56.5 57.0 57.4 57.7 
23,167 30,467 41,782 58,340 80,700 111,000 152,700 209, 800 
5,134 6,181 8,586 11,800 16,200 22,100 30,200 41,300 
51.5 56.1 55.6 56.4 56.9 57.3 57.7 58.0 
23,085 27,304 36,080 46,100 58,700 74,900 95,700 122, 200 
3,987 4,581 6,043 7,730 9,850 12,600 16,150 20,650 
66.1 67.9 68. 2 68.1 68. 0 67.7 67.6 67.6 
20,827 27,411 36,830 48,700 64,400 85,100 111,700 147,200 
4,549 15,540 17,538 19,930 112,900 116,700 121,800 128,600 
52.3 56.3 55.8 56.0 57.0 . 58.0 58.5 58.8 
43,912 54,715 72,910 94,800 123,100 160,000 207,400 269, 400 
8,536 10,074 13,019 17,060 22,040 28,470 36,970 48,100 
58.7 61.8 63.9 63.4 63.8 64, 2 64.0 63.9 
44,057 57,937 81,041 116,640 163,030 218,770 292,920 388,380 
8,719 110,808 114,615 121,070 129,370 139,270 152,410 169,280 
57.7 61.0 63.3 63. 2 63.4 63.6 63.8 64.0 
3,484 5,079 8,002 12,740 18,280 25,490 34,780 47,120 
1768 11,196 11,874 3,050 14,340 16,000 18,120 110,910 
51.8 48.3 48.7 47.7 48.1 48.5 48.9 49.3 
47,541 63,016 89,043 129,380 181,210 244,260 327,700 435,500 
9,341 112,044 116,489 124,120 133,710 145,270 160,530 180,190 
58.1 59.8 61.6 61.2 61.4 61.2 61.8 62.0. 
114,620 | 148,198 203,735 282,520 385,110 515,260 687,800 / 914,700 © 
23,011 27,517 36,842 51,230 69,590 92,770 123,770 164, 640 | 
56.9 61.3 63.1 63. 0 63.1 63.4 63.4) 63.4) 


1 Summer peak, all others winter. 


2 The most recent Potomac Electric Power Company studies indicate that estimates of peak demands in PSA-6 should be revised upward to 3710 
Mw for 1970, 4700 Mw for 1975, 6740 Mw for 1980, 9450 Mw for 1985, and 13,600 Mw for 1990. 


NoTE.—1950-65 actual; peak demands coincident as to month, at least. 1970-90 estimated; peak demands assumed true coincident. 
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TABLE 3 


Region I—Comparative Growth of Total Energy Requirements by Power Supply Areas and Coordinated 
Study Areas 


[Index: 1960=100] 


ac 
1955 1960 1965 


1970 1975 1980 1985 
>PSA: 
lee. 80 100 134 WB PAA PA 376 
PM PE is, 76 100 137 1945572695 3/55 ol} 
OMe haus 85 100 132 163) 2) 59ee 27409351 
AS Sete 76 100 134 178 235 310 408 
She io NE 76 100 140 201 281 378 506 
OP eacites.c 69 100 158 251 360 502 £685 
“CSA: 
Nee eorate 76 100 137 191 265 364 #501 
Bigs cise 80 100 133 1/32 Oe 
Oh eh berks. < Be 100 141 200 SE COME OOM ZO) 
Reg. I id, 100 137 191 260 348 464 


Five year compound rate of growth in percent 


DS 
55-60 60-65 65-70 70-75 75-80 80-85 85-90 


487 4.7 6.0 ONS Sy) Se DT Sp) 
7h Of 6. 6 31 6.9 6.9 6.7 6.7 
448 3. 4 ony 5.0 5. 0 30 550) 5.0 
537 a7 (as, ‘say! a7 SU 5. 6 5. 6 
670 De 6 O79) 7.6 6.9 6.1 6. 0 coo 
928 7.8 O59 9.8 Ls 659 6. 4 6. 3 
689 356 6.5 6.9 6.7 6. 6 6.6 6. 6 
492 4.5 yy Oh Gs BGs a. 4 5. 3 5. 4 
691 5. 8 cea 7.8 7.0 6. 1 6. | 5. 8 
617 SY 6.6 6.7 6.4 6.0 SEY) Sh 


Note.—CSA A (New England)=PSA’s 1 and 2; CSA B (New York)=PSA’s 3 and 4; CSA C (PJM Area)=PSA’s 


5 and 6.40/96 o- Ener 


ferload 48, 198 Gwk 


Peak demand 47,517 Mw 
Lead factor 6/.% Fs 


# 


Seasonal Characteristics 


Differences in patterns of power usage in Region I 
are to be expected considering the region’s geo- 
graphic extent, variety of weather conditions, and 
diversified economy. Knowledge of system peak pat- 
terns is essential to evaluation of potential diversity 
savings, coordinated maintenance programming, 
contractual arrangements for power transfer with 
other systems, or groups of systems, and other facets 
of power supply planning. Table 4 shows estimated 
summer and winter peak demands in Region I by 
power supply and coordinated study areas. 

Certain areas of the Region experience annual 
peaks during the summer, due almost entirely to the 
warm-weather air conditioning load. This is true of 
PSA’s 4, 5, and 6. New England and Upstate New 
York (PSA’s 1, 2, and 3) which peak in the winter, 
generally have less severe summer temperatures and 
air conditioning has less of an impact. Coincident 
peaks of Region I as a whole and CSA’s A and B 
also occur in the winter. CSA C (PSA’s 5 and 6) 
peaks in the summer. These patterns are expected to 
prevail over the study period. 

The summer peak season extends from June to 
September. While annual temperature maximums 
may occur in any of the four months, for study pur- 
poses August is assumed to be the summer peak load 
month. The winter peak season also consists of four 


months—November through February. Future win- 
ter peaks are assumed to occur in December. 

Tables 5 and 6 show estimated monthly peak de- 
mand and energy requirements for 1970-80-90. The 
tables reflect average patterns of recent years. On 
mature systems, changes in monthly power require- 
ments in percent of annual are generally small and 
gradual unless there is some marked change in load 
characteristics, such as the switch in reasonal occur- 
rence of annual peak in PSA’s 4 and 5 around 1960. 
For study purposes, it is assumed that any changes 
in PSA’s 1 through 5 to 1990 would be slight. How- 
ever, in summer peaking PSA 6 current ratios of low 
monthly peaks to annual on a calendar year basis 
are well below values found in other areas, running 
under 60 percent in off-peak months, and less than 
70 percent for winter peaks. It is assumed that future 
load growth will increase these ratios to about 65 
and 80 percent, respectively, in 1990. 

In view of the high degree of coordination 
existing in Study Area C, and being imple- 
mented in CSA’s A and B, it is reasonable to 
assume that “one system” operation and plan- 
ning in each of the study areas compris- 
ing Region I will be achieved in the near 
future and that substantial progress being made 
toward regional coordination will be accelerated. 
Indicated seasonal diversities given on Table 
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TABLE 4 


Region |—Estimated Summer and Winter Peak Demands by Power Supply Areas and Coordinated 
Study Areas (Megawatts) 


1965 1970 
Summer Dec. Aug Dec. 
PSAs eS August. --..--- 669 765 865 996 
IPS ANZ os oo eae oe August. ----.- 6, 802 7, 821 9,370 10,805 
CSA Al... August - ----.- 7,471 8,586 10,235 11,800 
PSAS3 (2 2- September.... 5,419 6, 048 6, 860 7, 780 
PSAle> oe JUNes=2------5 7, 688 6, 976 9, 930 9, 330 
CSA Be e2-2-25 JUNOsasooee ee = 12,905 18,019 16,790 17,060 
CSASB 15 Fetes (oS ee sate asses 13,58] :2222. 2222 17,660 ....- 
IPSAvO so eeeceos August .....-- 14, 615 13, 988 21,070 20, 230 
IPBASOS22- 2255. = AUpUSt Ne ee eee 1, 874 1, 249 8,050 2, 140 
CSAC... eS August--...... 16, 489 15,237 24,120 22,370 
Regal....s222s August - -__--- 36,728 36,842 61,145 61,230 
Era 8 OE Nea Se eo 38, 004 2252... <2 52, 980 __.- 
UT RR ee ee eee 98,656: 224.5-. 2 =. 53, 580 _._. 


1,120 1, 285 1, 440 1,656 1, 860 2, 140 2, 400 2, 760 


14,915 17,725 20,445 24,300 28,060 33,415 88, 540 

16,200 19,165 28,100 26,190 30,200 35,815 41,300 

8,740 9,860 11,180 12,600 14,330 16,150 18,320 0,650 
12,190 16,700 15,870 21,800 20,820 28,600 27,450 

22,040 27,880 28,470 36,130 $6,970 46,920 48, 100 

Se 22) T60ig se tee 20, B00 ee 87/960 nf scace = 4 40, 250 
28,200 39,270 37,700 52,410 50,310 69,280 — 66,510 

4,840 3,150 6,000 4,500 8120 6,290 10,910 8, 730 
31,350 45,270 42,200 60,580 56,600 80,190 —-75, 240 

69,590 92,315 98,770 122,850 128,770 162,925 164,640 

pear 71, O50 exces uO, REG 127, 100 ee) 460, 500 

72) 660 fee... 2 06,670 pecan 125 6802. Pat. 170, 74 


1 Non-coincident: summation of PSA coincident annual peaks. 
3 Non-coincident: summation of CSA coincident annual peaks. 


NotEs.—1. Annual peak demands italicized. 
2. Winter peaks in 1965 all occurred in December. 
3. Future summer and winter peaks assumed to occur in 
August and December, respectively. 


4 based on the difference between the sum of the 
three coordinated study area coincident annual 
peaks and coincident regional peak, do not for a 
number of reasons necessarily represent capacity 
savings capable of practical realization. Estimated 
diversities shown are small relative to total region 
peak, being approximately three percent over the 
1970-90 study period. They stem from assumed con- 
tinued differences in season of annual peak occur- 
rence. Changing load characteristics could alter this. 
Generally, interconnected systems with differing 
peak patterns effectively coordinate maintenance 
and reserve requirements to use these differences. 
Finally, an accurate determination would require 
more detailed information and an in-depth analysis 
employing computer techniques. Thus, in effect, 
lacking the benefit of substantial time zone diver- 
sity, it appears unlikely that there would be any 
future savings in Region I of an amount and 
dependability that would safely permit a reduction 
in required capacity. 


Principal Load Centers 


Among the factors influencing a suitable program 
of power supply for an area is the geographic dis- 


4, All peaks assumed coincident except as noted above, 
footnotes 1 and 2. 

5. Coincident peaks in 1965 coincident as to month at least. 

6. Future coincident peaks assumed true coincident. 


persion of load. Customers of an electric utility are 
usually distributed over its service area in varying 
degrees of concentration. This suggests the useful 
concept of load centers whose locations and power 
needs are important considerations in system plan- 
ning of generating and transmission facilities. They 
are usually key points on backbone transmission 
networks for the reception of large blocks of power 
and may also coincide with power supply centers. 
Load centers generally conform to concentrations of 
population, such as metropolitan areas, or groups of 
communities, and heavy power-consuming in- 
dustrial complexes. While delineation of load cen- 
ters involves judgment to a large extent and their 
power requirements may not be known with ex- 
actitude, even approximate coverage is helpful in 
contributing to a better understanding of the general 
direction and dimensions of system expansions in 
the future. 

There are 55 identifiable load areas in Region I 
estimated to have peak demands of at least 100 
megawatts in 1970. By 1990, five load centers are 
expected to peak in excess of 10,000 megawatts, with 
one (New York City area in PSA 4) over 20,000. 
Alone, they account for roughly 40 percent of total 
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TABLE 5 


Region I—Past and Estimated Future Monthly Peak Demands (Megawatts) 


Jan. 
PSAS Tee eee ee eee 529 
Y ee eee Se a 5, 199 
Se ce eee ee ee 4, 383 
gE Pe nN Be wf er 5, 153 
[ eee ea ee 9, 898 
aaa el S| deen a 791 
CSADA 22228 4. 52 eer eae 5, 728 
iS be Se te See ee 9, 536 
oes eee ee ee LSS 10, 689 
Rog) Derek ee stake tee 25, 953 
IPS AM a2 aad ee eee 900 
Pees ae ee 9, 735 
bs hin ep aiaes Gat Sane 3 ghee we 7,135 
Cs wey 8 RN ER 8, 640 
Deen Cee Aen 18, 750 
G20. eee = eee 1, 980 
CSA ALS e> ee 10, 635 
Bs eee as Se ee 15, 775 
Oe ee ees Se ree oe: 20, 730 
‘Reg. Disease ee eee 47, 140 
PS AVIS. cent eee 1, 495 
NE a EE 18, 420 
3... ee eee ee eee 11, 630 
hAsese ee Se 14, 530 
2 er Sewer ene ks Sve 34, 950 
[RENE pee UR PE to eS 4, 200 
CSA An ott. ee 19, 915 
3 Ss 2a Beg hea ia Pia Ny 8 26, 160 
Cuttin ah A eeee 39, 150 
UE AD een Se em 85, 225 
PSA jlees. ft ee ee 2, 490 
eee ee ee .. 84,725 
8 ee ee eee 19, 060 
4 osc eee Se eee sol 24, 880 
Rae ey ate SSeS 61, 660 
6. a es ee 8, 185 
CSADAS eee oar eee 37, 215 
Bowe et. Ath oe ee 43, 940 
Chia $s vance eee 69, 845 
Rog... ok SA ee 151, 000 


Feb. 


513 
4,957 
4, 128 
4,939 
9,471 

769 


5,470 
9, 067 
10, 240 


24, 777 


880 
9, 410 
6, 895 
8, 440 
18, 590 
1, 920 


10, 290 
15, 335 
20, 460 


46, 085 


1, 460 
17,810 
11, 240 
14, 195 
34, 560 

3, 960 


19, 270 
25, 435 
38, 520 


83, 225 


2, 435 
33, 570 
18, 420 
24, 310 
60, 965 

7, 530 


36, 005 
42, 730 
68, 495 


147, 230 


March 


5, 310 
8, 799 
10, 078 


24, 187 


845 
9, 000 
6, 725 
8, 045 
18, 225 
1, 860 


9, 845 
14, 770 
20, 085 


44,700 


1,400 
17, 030 
10, 960 
12, 530 
33, 970 
3, 780 


18, 430 
24, 490 
37, 750 


80, 670 


2, 335 
32, 105 
17, 965 
23, 165 
59, 930 

7, 090 


34, 440 
41, 130 
67, 020 


142, 590 


April 


1,400 
16, 640 
10, 75 
13, 110 
33, 380 

3, 840 


18, 040 
23, 885 
37, 220 


79, 145 


2, 330 
31,370 
17, 655 
22, 450 
58, 890 

7,310 


33, 700 
40, 105 
66, 200 


140, 005 


May 


1960 


504 
4, 757 
4, 086 
4, 584 
9, 266 

846 


5, 261 
8, 670 
10, 112 


24, 043 
1970 


825 
8, 850 
6, 655 
8, 340 
18, 645 
2, 320 


9, 675 
14, 995 
20, 965 


45, 635 
1980 


1,375 
16, 745 
10, 850 
14, 030 
34, 755 

4, 800 


18, 120 
24, 880 
39, 555 


82, 555 
1990 


2, 295 
31, 565 
17, 780 
24, 025 
61,315 

9, 165 


33, 860 
41, 805 
70, 480 


146, 145 


June July Aug. 
482 495 512 
4, 809 4, 687 5, 052 
4, 053 4, 013 4,116 
6, 177 5, 098 5, 540 
10,005 9,761 10,808 
1, 054 1, 059 1,196 
5, 291 5, 182 5, 564 
9,230 9,111 9,656 
11,059 10,820 12,004 
25, 580 25, 580 27, 224 
825 845 865 
9, 205 9, 085 9, 370 
6, 715 6, 715 6, 580 
9, 630 9, 780 9, 930 
20,650 20,440 21,070 
2,975 3,005 3, 050 
10, 030 9, 930 10, 235 
16,345 16,360 16,790 
23, 625 23, 445 24, 120 
50,000 49,735 51, 145 
1,370 1, 405 1, 440 
17, 420 17, 195 17, 725 
10, 950 10, 725 11, 180 
16, 200 16, 450 16, 700 
38, 485 38, 090 39, 270 
5, 850 5, 910 6, 000 
18,790 18,600 19, 165 
27, 150 27,175 27, 880 
44, 335 44, 000 45, 270 
90,275 89,775 92,315 
2, 285 2, 340 2, 400 
32, 835 32, 410 33, 415 
17, 945 17, 575 18, 320 
27,740 28,170 28,600 
67,895 67,200 —_ 69, 280 
10,635 10,745 10, 910 
35, 120 34, 750 35, 815 
45, 685 45, 745 46, 920 
78,530 77,945 80, 190 
159,335 158,440 162, 925 


Sept. 


505 
5, 026 
4, 063 
5, 300 

10, 119 
1, 136 


5, 531 
9, 363 
11, 255 


26, 149 


845 
9, 315 
6, 810 
9, 485 
20, 325 
2, 850 


10, 160 
16, 295 
23, 175 


49, 630 


1, 405 
17, 625 
11, 100 
15, 950 
37, 895 

5, 610 


19, 030 
27, 050 
43, 505 


89, 585 


2, 345 
33, 220 
18, 195 
27, 315 


66, 855 - 


10, 200 
35, 565 
45, 510 
77, 055 


158, 130 


Oct. 


885 
9, 520 
7, 020 
8, 590 
12, 220 
2, 260 


10, 405 
15, 610 
20, 590 


46, 605 


1,470 
18, 010 
11, 440 
14, 445 
34, 165 

4, 680 


19, 480 
25, 885 
38, 845 


84, 210 


2, 450 
33, 955 
18, 750 
24, 740 
60, 275 

8, 945 


36, 405 
43, 490 
69, 220 


149, 115 


Nov. 


540 

5, 313 
4, 346 
5, 321 
10, 036 
832 


5, 853 
9, 667 
10, 868 


26, 388 


930 
10, 105 
7,390 
8, 935 
19, 700 
2, 045 


11, 035 
16, 325 
21, 745 


49, 105 


1, 550 
19, 115 
12, 045 
15, 030 
36, 720 

4,320 


20, 665 
27, 075 
41, 040 


88, 780 


2, 585 
36, 035 
19, 740 
25, 740 
64, 75 
8, 400 


38, 620 
45, 480 
73, 175 


157, 275 


Dec. 


565 

5, 616 

4, 581 

5, 493 

10, 407 
855 


6, 181 
10, 074 
11, 262 


27, 517 


995 

10, 805 
7,730 
9, 330 
20, 230 
2,140 


11, 800 
17, 060 
22, 370 


§1, 230 


1, 655 
20, 445 
12, 600 
15, 870 
37, 700 

4, 500 


22, 100 
28, 470 
42, 200 


92,770 


2, 760 
38, 540 
20, 650 
27, 450 
66, 510 

8, 730 


41, 300 
48, 100 
75, 240 


164, 640 


load in the Region. Table 7 lists the 55 major load 
areas, by coordinated study area, with their esti- 
mated 1970-80-90 peaks. The demands represent 
an allocation of estimated coincident annual power 
supply area peaks, assuming no diversity among 
centers. Coverage on a power supply area basis 
ranges from a little under 75 percent to about 94 
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percent for PSA 4 and 100 percent for PSA 6. The 
shaded areas on Figure 5 indicate general locations 
of load concentrations. These correspond, for the 
most part to population centers and areas of in- 
dustrial and economic activity. Some sections of 
the Region, such as Vermont, all but the extreme 
southern portion of New Hampshire, and a large 


TABLE 6 


Region I—Past and Estimated Future Monthly Energy Requirements (Gigawatt-hours) 


Jan. Feb. March April May June July Aug. Sept. Oct. Nov. Dec. Annual 
1960 
Tatkpee Bane 268 251 265 251 256 241 243 264 243 259 260 277 3,078 
chat rae 2,306, 2,250 2301 2 ive. 217s 2,190) 12,e7 | 2,317 2,21din 21290. 2,388, .2,530.;. 27,88 
a ay aa a 2,301 2,252 2,369 2,252 2,260 2,202 2,143 2,268 2,205 2,282 2,266 2,419 27,304 
tS. 233051 2,173, 2, 847) m2, 102 9 2)144 2, 280) M2082, 476) 2,249 2,205)/ 99,255 | 12,4047 07,411 
Vina Le 5,006 4,714 5,028 «= 4,549 «4,624 «= 4,782 «4,702 5,180 © 4,701 4,790» 4,751 += 5, 109-57, 936 
Giese Seems 4 388 364 391 373 389 456 493 549 454 406 390 425 5, 078 
CRAUAUE (a: eet. 2,604 2,501 2,656 2,424 2,499 2,431 2,330 «2,581 «2,457 2,579 «2,508 += 2,816 80, 466 
1 eee) 3 eae 4,721 4,425 4,716 4,354 40,404 «4,482 4,447 4,730 4,446 |= 4,547 4,521 4,913 54, 715 
Cee 5,394 5,078 5,419 4,922 5,013 5,288 «= 5,195 5,729 5,155 5,196 ©5141 5,534 63, O14 
ogy lee ee 12,779 12,004 + -12,791_««11,700 «11,846 ©=:12,151«:11, 972 13,049 12,058 +=—-12,322 12,260 13,263 148, 195 
1970 
Oe ee ee 465 420 450 435 435 415 425 460 425 460 460 490 5, 340 
pee ers Soe 4,665 4,240 4,505 4,185 4,185 4,240 4,185 4,400 4,205 «4,560 © 4,560 = 4,980 53, 000 
See a 4,010 3,690 3,920 3,690 © 3,735 «= 3,690 «3,690 3,825 «3,725 «= 3,965 3,965 = 4,195 46, 100 
422 4,090 3,700 3,995 3,700 3,845 «= 4,140 «4,480 4,480 4,045 4,045 «3,045 «4,335 48, 700 
seer oe - 9,915 8,980 9,680 9,100 9,330» 9,680 10,030 +=—:10,265 9, 680» «9, 800-9, 680 «10, 500-116, 640 
Bulent 970 865 930 890 1,020 «1,195 = «1,875 = 1,340 = 1,135 1, 005 970 1,045 12,740 
CBA PAL, 2c ae 5,130 4,660 4,955 4,620 4,620 4,655 4,610 4,860 4,720 5,020 5,020 5,470 58, 340 
ph. A oS 8,100 7,300 7,915 7,300 7,580 7,830 8,120 8255 7,770 8,010 7,910 8,530 94,800 
Sh ial ieee 10,885 9,845 10,610 9,990 10,350» -10,875 ~—:11,405 11,605 10,815 10,805 10,650 11, 545 129, 380 
gh ea etete be 24,115 21,895 23,480 22,000 «22,550 23,360 «24,135 24,720 23,305 23,835 «23, 580 25,545 282, 520 
1980 
SER A eee ae 780 705 750 725 725 700 715 770 715 770 770 825 8, 950 
eS, oe 8,980 8,165 8,675 8,060 8,060 8,165 8,065 8,470 8,265 8,775 8,775 9,595 102, 050 
Sie Uses 6,515 5,900 6,365 5,990 6,070 5,995 5,995 6,215 6,070 6,440 6,440 6,815 74, 900 
Roe ae 7,150 6,470 6,980 «6,470 «6,725 = 7,235 «7,740 7,740 = 7,060 © 7,060 © 6,895 7,575 85, 100 
‘Sow eee 18,595 16,845 18,160 17,060 17,500 18,160 18,815 19,250 18,160 18,375 18,160 19,690 218, 70 
Deeper tee 1,935 1,735 1,860 1,785 2,040 2,305 2,755 2,675 2,270 2,015 1,935 2,000 —-25, 490 
C1 nS See 9,760 8,870 9,425 8,785 8,785 8,865 8,780 9,240 8,980 9,545 9,545 10,420 111, 000 
Bian f 13,665 12,460 13,345 12,460 12,795 +—«:13,230 «13,735 «13,955 «13,130 13,500 «12,225 +—14,390 160, 000 
Cie ee 20,530 18,580 20,020 18,845 19,540 20,555 21,570 21,925 «20,430 20,390 20,095 +21, 780 244, 260 
ea deep 43,955 39,910 42,790 40,090 41,120 42,650 44,085 45,120 42,540 43,435 42,975 46,500 515, 260 
1990 
2S aes 1,305 1,185 1,260 1,215 1,215 1,170 1,200 1,200 1,200 1,200 1,290 1,380 ~—-15, 000 
ee ape EL ae 17,145 15,585 16,560 «15,300 15,390 «15,585 15,300 16,165 15,780 16,750 16,750 18,310 194, 800 
apa a tare 10,630 9,775 «10,385 += «9,775 += 9,900,775 = «9,775 ~=—:10,145 += 9, 900-10, 510 10,510 11,120 122, 200 
(Saar 12,365 11,185 12,070 +'11,185 «11,630 «12,510 «12,295 + :12,205 12,220 12,220 11,925 12,100 147, 200 
po ae 33,010 29,910 32,235 +. 30,295 + 31,070 32,235 += 33,400 «34,175 32,235 «32,625 32,235 34,955 388, 380 
la 3,580 3,205 3,440 3,300 3,770 4,480 5,000 4,945 4,195 3,720» 3,580 «3,865 += 47,120 
aA, Mek oo. Silas & 18,450 16,770 17,820 16,605 16,605 16,755 16,590 17,455 16,980 18,040 18,040 19,690 209, 800 
Bir. Ass 22,995 20,960 22,455 20,960 +21, 530 22,285 + «23,170 23,540 22,120 22,730 «22,435 24,220 269, 400 
See ices 36,500 33,115 35,675 «33,595 34,840 36,665 38,490 39,120 36,430 36,345 35,815 38,820 435, 500 
ee. 78,035 70,845 75,950 71,160 72,975 + 75,705 78,250 © 80,115 75,530 77,115 76,200 82,730 914, 700 
part of Maine are devoid of load centers that meet of customers into distinct categories. Such classifica- 
the size criterion suggested in this discussion. tion facilitates the analysis and utilization of power: 


requirements and supply data. Further, considera- 
tion of power needs on a class-of-service basis, taking 


Classified Sales 


The utility load is comprised of the demands of into account all the factors peculiar to a particular 
the various customers served. Differences in char- category, helps to identify the overall picture of an 
acteristics of their requirements permit segregation area’s industrial and commercial development, the 
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state of its economy, and the probable direction of 
future growth. 

Major categories of use may be broadly defined as 
rural and residential, commercial, industrial, and 
all other. Usually of relatively small magnitude 
power-wise, the last named would include such uses 
as street lighting, water pumping, schools, other 
municipal services, etc. Rural consumption includes 
electric energy used in agriculture and depends on 
the type of farm and the availability of labor saving 
devices and the extent to which they are employed. 
Residential consumption is a function of population, 
average use per customer and appliance saturation. 
For the most part, the commercial category encom- 
passes those utility customers serving directly the 
functional and recreational needs of people in their 
day-to-day lives. It includes such establishments as 
retail stores, filling stations, dry cleaners, theatres, 
shopping centers, etc. The industrial segment of load 
includes the large power consumers and may cover 


TABLE 7 


Region I—Estimated Peak Demands of Principal 
Load Areas ? (Megawatts) 


Load Area 1970 1980 1990 
CSA A—New England: 
Boston, Mass............ 2,840 5,380 10, 140 
Providence, R.I......... 760 ~=1, 430 2, 700 
Hartford, Conn.......... 00). 1, Seto) 2, 500 
Springfield-Holyoke, 

IM ass Setters titer eee 430 820 1, 540 
Fall River-New Bedford, 

Masashi tee tee eee 420 800 1, 500 
New Haven, Conn....... 400 760 1, 430 
Lawrence-Lowell, Mass... 390 740 1, 390 
Stamford-Norwalk, Conn. 380 720 1, 350 
Bridgeport, Conn........ 380 710 1, 340 
Waterbury, Conn........ 270 510 960 
Worcester, Mass......... 260 490 920 
Augusta; Meare eae 230 390 660 
Portland=Meseana- eer 230 390 660 
Middletown-Meridan, 

Conny asin note ee 220 410 770 
Fitchburg-Leominster, 

Maschinen oe 210 390 730 
Brockton Lassen ee 200 390 730 
Manchester-Nashua, N.H. 200 380 720 
Bangor, Mesa eee 150 240 410 
New London, Conn...... 140 270 500 
Willimantic, Conn....... 140 260 500 
Rumford Menarini 110 190 310 

Total Load Areas ?..... 9,060 17,000 31, 760 

Total Study Area?..... 11,800 22,100 41,300 


See footnotes at end of table. 


TABLE 7—Continued 


Region |—Estimated Peak Demands of Principal 
Load Areas * (Megawatts)—Continued 


Load Area 1970 1980 1990 
CSA B—New York: 

New: York, NiYere cece 7,350 12,360 21, 160 
Buffalo-Niagara......... 2,180 3,550 5, 820 
Long Island. (72..5« sae 1,910 3,210 5, 490 
Massena; Ni Yoni ee 800 1, 310 2, 150 
Rochester... 74 700 ~=—:1, 130 1, 860 
Syracuse... 0s fer eee 430 710 1, 160 
Albany, s)...../@ 2 «een 420 690 1, 140 
Binghamtony.aee eee 240 390 640 
Elmira-Corning.......... 190 320 520 
(Witica=Romessn.s eee 180 290 470 
Geneva-Auburn......... 170 280 450 
AMeStOWIT ete one 120 200 330 
Tthaca Reh wc chttet sie - oe 110 180 290 - 
Amsterdam-Rotterdam... 110 180 290 
Newburgh-Poughkeepsie. . 110 180 320 
Plattsburgh... ..3.4¢05 <2: 100 150 240 

Total Load Areas?..... 15,120 25,130 42, 330 

Total Study Area‘..... 17,660 29,300 49, 250 

CSA C—PJM Area: 

Philadelphia, Pa......... 4,210 7,850 13,860 
INE Ben NEW | Crsey ain bie 3,140 5,850 10, 320 
Washington, D.C........ 3,050 6,000 10,910 
Baltimore, Md.......... 2,650 4, 950 8, 730 
New Brunswick-Perth 

Amboys Ne} ie@eeraaeee 1,140 2,120 3, 740 
Allentown-Bethlehem- 

aston baa eit 990 ~=—1, 850 3, 260 
@Gamden; Ni June acectnitear 840 1,570 2,770 
Wancasters\Ork see eee 740 ~=1, 370 2, 420 
Wilmington; Del 227. °-.- 570 ~—-:1, 060 1, 870 
Scranton—Wilkes-Barre, 

Pasteom ea ents cake 440 820 1, 450 
Reading# Pac. 0 ss. > oor 380 710 1, 250 
Harrisburg, ba ae ee 380 710 1, 250 
Altoona-Johnstown, Pa... 360 670 1, 180 
PrentonsyNe|cmerer soe. 360 670 1, 180 
EriewbParpmarn sts os fas: 340 630 Peel10 
Wana biaxels INI pooc como 230 430 760 
Adlantic, City, N.J. 2... 210 390 690 
Webanonmlacin hewn ae: 210 390 690 

Total Load Areas 5..... 20,240 38,040 67, 440 

Total Study Area5,.... 24,120 45,270 80, 190 

Region I: 
Total Load Areas 3..... 44,420 80,170 141, 530 
Total Region 6......... 53,580 96,670 170, 740 


1 Based on allocation of estimated coincident annual 
power supply area peaks assuming no diversity. 

2 Winter peak. 

3 Non-coincident. 

4Non-coincident. Sum of PSA 3 (winter) and PSA 4 
(summer) peaks. 

5 Summer peak. 

6 Non-coincident. Sum of study area peaks shown. 


II-1-8 


i 


356-239 O- 71-3 


100 


REGION I 
AREAS OF LOAD CONCENTRATION 


SCALE IN MILES ~ 
Oo 50 100 


Figure 5 


II-1-9 


LEGEND 


FEDERAL POWER COMMISSION 
POWER SUPPLY AREAS. 


STUDY AREA GROUPING OF 
POWER SUPPLY AREAS. 


LOAD CONCENTRATIONS 


THIS SMALL AREA IS PART OF 
POWER SUPPLY AREA 7 WHICH 
LIES LARGELY IN THE EAST 
CENTRAL REGION AND IS NOT 
INCLUDED IN THIS REPORT. 


TABLE 8 


Region I—Past and Estimated Future Energy Requirements by Class of Service (Million Kilowatt-Hours) 


Rural Street and Electrified Total Energy 
PSA and region and Com- Industrial highway transpor- Allother ultimate Losses for 
residen- mercial lighting tation consump- load 
tial tion 
1965 
LER, Seek Ul ye, 492 1, 760 41 nae 287 Bh TRIS, 391 4, 126 
2 ios. pede Ae 172 7, 488 13, 367 522 126 911 34, 126 3, 530 37, 656 
Ra ere MeIOED cle Lae UR 6, 004 18, 349 343 3 769 33, 019 3, 061 36, 080 
an hs oan tshaecoptnele Cay Ne, 13232 5, 466 553 2, 782 2, 210 33, 762 3, 068 36, 830 
sey 20,833 14,188 36,898 702 1, 239 687 74, 547 6, 494 81, 041 
OPP. isters e diecee 1, 894 3, 263 2, 034 100... Je fools 61 th ey 650 8, 002 
Total.e ibe oe 52,664 44,667 77,874 2, 261 4, 150 4,925 186,541 17,194 203, 735 
1970 
TD aeiccas cnoevaeuaresbta ae 1, 520 670 2, 180 DO! shaken. 420 4, 840 500 5, 340 
» Seen Sa eee: 16, 700 11, 200 18, 330 700 130 960 48, 020 4, 980 53, 000 
bie hey Ei a3 Oe 10, 100 8, 200 22, 160 420 - one 1, 120 42, 000 4, 100 46, 100 
4 a Soa ae es 13, 700 17, 200 7, 170 640 2, 900 3, 100 44,710 3, 990 48, 700 
Dacca mite Sewtte vet 29, 800 20, 280 54, 110 850 1, 310 950 107, 300 9, 340 176, 640 
ee aie Soret an ret a 3, 080 5, 230 3, 200 TSO) ea etre ote 80 11, 720 1, 020 12, 740 
TL otaln eee cee + 74, 900 62,780 107, 150 2, 790 4, 340 6,630 258, 590 23, 930 282, 520 
1975 
MN bi. aac ey Lad 2, 000 920 Pe PAY, 60 Rrra. es oe 570 6, 270 650 6, 920 
7 a TEE cc 23, 300 16, 240 25, 000 850 120 1, 340 66, 850 6, 930 73, 780 
Seiten ree aensiae ale 13, 300 11.150 26, 850 SD LOR i ice tod ere 1, 640 53, 450 5, 150 58, 700 
Bath dere at 18, 800 22, 700 9, 460 740 3, 160 4, 150 59, 010 J O90, 64, 400 
DP Pat etree 42, 070 28, 520 75, 710 1, 000 1, 390 1,300 149, 990 13, 040 163, 030 
Onieetutici i euacies 4, 520 7, 670 4, 350 L708 ite ee 110 16, 820 1, 460 18, 280 
LOtAL coca ee: 103, 990 87,200 144,090 3, 330 4, 670 9,110 352, 390 32, 720 385, 110 
1980 
ded ele ae 2,610 1, 280 3, 370 10... Shae: 790 8, 120 830 8, 950 
2 ee sits RM ae excrete 32, 500 23, 380 33, 500 1, 100 110 1, 870 92, 460 9, 590 102, 050 
Cg ee tes 17,500 15,200 32,500 620.40. ea 2,380 68, 200 6, 700 74, 900 
SO. ee 25, 800 29, 900 12, 430 850 3, 440 5, 400 77, 820 7, 280 85, 100 
Ce ee 58,500 39,500 98,850 1, 180 1, 490 1,750 201,270 17,500 218,770 
ee Cpr oe Gime 6, 580 10, 700 5, 800 230 ve a ek 140 23, 450 2, 040 25, 490 
Tole daae 143,490 119,960 186,450 4,050 5,040 12,330 471,320 43,940 515, 260 
1985 
1. eles 3, 380 1,750 4, 200 80 . ee 1,100 10,510 1, 080 11, 590 
para ee ane Fy 45,200 33,700 44, 800 1, 450 100 2,600 127,850 13,260 141,110 
KP oste or a oe 23, 000 20, 700 39, 200 150 x... tach eione 3, 450 87, 100 8, 600 95, 700 
4 abt 35,100 39,300 16, 200 960 3,740 6,900 102,200 9,500 111, 700 
5, ona ee 80,300 54,500 129, 380 1, 370 1, 600 2,350 269,500 23,420 292,920 
SERIES Cece tone Caen 9, 250 14, 700 7, 560 310) 5. oe on. Meares 180 32, 000 2, 780 34, 780 
Tomlees oo. 196,230 164,650 241,340 4,920 5,440 16,580 629,160 58,640 687,800 
1990 
L.A es 4, 360 2, 410 5, 260 909 Soe sana 1, 500 13, 620 1, 380 15, 000 
2 vais ghee tty ene 62, 750 48, 300 59, 850 1, 900 100 3,600 176, 500 18, 300 194, 800- 
A Oe et re 5 Oh 30, 000 28, 000 47, 400 LE, 5,000 111, 340 10, 860 122, 200 
SF incemaee ee tok 48, 200 51, 600 21, 000 1, 120 4, 020 8,660 134, 600 12, 600 147, 200 
Diasec ss cree, aN 110, 000 74,200 166,650 1, 580 1, 720 32700) 397.500 31, 080 388, 380 
Gece Paes 13, 000 19, 950 9, 780 400. c, sale ic iets 220 43, 350 3, 770 47, 120 
Totaly «2: 268,310 224,460 309, 940 6, 030 5, 840 22,130 836, 710 77, 990 914, 700 
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TABLE 9 


Region I—Percent Distribution of Total Deliveries to Ultimate Consumers by Power Supply Areas 


PSA-1 PSA-2 PSA-3 PSA-4 PSA-5 PSA-6 
Rural and Residential: 
NOGO RN racys7 hii Etec eic cepa ete eee 30. 6 30. 8 PM | 9 24.8 25. 6 23.6 
INS HAO): sake Sts Eyes Oe nt CORN a te eR ae ae Ir es 28.5 31.5 22.0 28. 2 25; 6 24.2 
Toe, alec Sees tn el CM ile SOME, Sa gh gC 29, 2 31.9 2255 30. 5 26. 7 25.8 
OOO Pe eee te eh ke ERE ti eee 29. 1 3252 24.5 S207 28. 3 27.6 
Communities: 
P9GO Sars aero aaa iii Soe oak on eos 10. 7 18. 3 13.6 35.7 16. 7 53.4 
PAO). os a. ane Bee aN IRS i, ie ae oe Bl ona a 25) 2 Win 83 3553 17.4 41.1 
LOSOMR Ce taste oe cee coe Meer eee 14, 3 22.9 18.5 35.0 18. 1 42.0 
VOOO RE os ee ee eas Gene eels Sota 16. 1 24.8 22.9 35. 1 19. 1 42. 3 
Industrial: 
OG OMe eye Week ed OTN: Uns oieac cos, sere cases 41.3 36. 6 50. 1 IS 45.1 Tie 
NOK edo eee Le OnE ee ee ee a Pee Sy 40. 8 34.6 48.5 14. 7 46. 4 P25. | 
LOGO Ra aera ore Eo chic ch name 37.6 32.8 46. 8 14.6 45.2 2253 
Ree Os Neal Raat oe Siveee oe 8 ON A men, Se cde ae A ee 35. 0 30. 7 38. 8 14. 3 42.9 20. 8 
All Other: 
LOGO Ter apge daw ps Ancwsycee «Dion reat homies eae Serene hh 4.4 5. 4 17.0 3.9 yal 
SRSA), eed 5 8 cei Beas Pr OnCPO OCI one te a SINE er Se 8.8 3.4 30 13.6 2.6 1.6 
OBO Pe Wee nck. ccc oe aa ae 9.6 3.0 Sis. Whe? 2.0 1.4 
OOD Ma Ree iotocicd: oo ch ore mettle tt nie 10. 6 2.9 4.9 9. 4 1.7 1.3 
Total Deliveries 
OG OTe a ete aS eines Suahto toad «Poe en hs onsen 89. 9 90. 1 90. 3 91.2 91.3 91.3 
197. O eee RACY cas ee gttce ssh Brinch: calerusle edegsna hes 90. 6 90. 6 90. 9 91.8 92.0 92.0 
Te peLO) OS 2 eWae CaRs Ge LO Cote si ere ets A 90. 7 90. 6 91.0 91.4 92.0 92.0 
NOOO Ra ters re Mec eerste meen cera htuiek ic 90. 8 90. 6 91.1 91.5 92.0 92.0 
Losses: 
IRS 618): Src ch atc ORNS eta CRORES, RSNA aa ee on 10. 1 9.9 9.7 8.8 fas. 7 8.7 
MOVED) 0 5 5 Cla tI RRERA® GOO CICS AERO OCU E ene aTeee Se 9. 4 9. 4 9. 1 8.2 8.0 8. 0 
LOG Ossett cecyncaeetart homcroararer eer aswocdeiaialiatardt aus Bases 9. 3 9. 4 9.0 8.6 8.0 8.0 
LOD OM pay terrane ee eet ows eiis gens te vayes eevee a NOTA eteus 9, 2 9. 4 8.9 8.5 8.0 8.0 
Total Energy: 
IGOR a For rrs oe see Mite. La aS ee cot ee 100. 0 100. 0 100. 0 100. 0 100. 0 100. 0 
(NSH (le eco rer rarer aerate reiterate irartcte ine ieee moet: 100. 0 100. 0 100. 0 100. 0 100. 0 100. 0 
hee Oe co oR EEE 7) CRORES Cf ER eee 100. 0 100. 0 100. 0 100. 0 100. 0 100. 0 
eR eaice. oa NORTE © 5 SARERMOEREE Oooo & cReseieed Sr 5 ee 100. 0 100. 0 100. 0 100. 0 100. 0 100. 0 


a wide range of industry types, such as mining, 
chemical production, primary metals processing, 
manufacturing, etc. Some systems do not distinguish 
between commercial and industrial types, but char- 
acterize them solely on the basis of power require- 
ments. This practice may also apply to some farming 
operations because of their size. 

Table 8 shows sales by class of service for the total 
region and by power supply area. Regionwide, the 
industrial load constitutes the largest category of use, 
accounting for 38 percent of 204 billion kilowatt- 
hours total energy in 1965. The industrial load is 
expected to decline to about 34 percent of the total 
in 1990 in keeping with the past trend. In four 
of the six power supply areas comprising Region I, 


industrial sales represent the largest component. In 
PSA 4, which includes Metropolitan New York, they 
ranked behind the commercial and rural and resi- 
dential classes; and in PSA 6, which takes in Wash- 
ington, D.C., industrial deliveries were second to 
commercial sales. 

Table 9 shows the percent distribution of energy 
by class of service to 1990. Historically, the greatest 
gains have been experienced in the commercial, 
rural, and residential categories. In PSA’s 1, 2, 3, 
and 5 in which industrial sales exceeded 35 percent 
of total energy requirements in 1960, this class of use 
is expected to decrease. PSA’s 4 and 6, which had 
industrial deliveries under 15 percent of total 
energy in 1960, are estimated to have industrial use 
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increases, a modest one for PSA-4, and a more sub- 
stantial gain in PSA-6. 

In this discussion, farm and non-farm residential 
needs have been lumped together. Of the total 
rural and residential energy of 52.7 billion kilowatt- 
hours in the region in 1965, non-farm use is 
estimated at 51 billion kilowatt-hours, nearly 97 per- 
cent of the total. While the downward trend in 
number of farms is expected to continue, increases 
in size of farms and average annual use are esti- 
mated to yield a total farm use in Region I of 3.2 
billion kilowatt-hours in 1990, as against 1.7 bil- 
lion in 1965. However, growth in the non-farm 
residential category is expected to be such that the 
farm component of total rural and residential will 
decline percentagewise to a little more than one 
percent by 1990. 

Except for PSA’s 4 and 6, where commercial 
sales already account for a large portion of total 
energy (35-40 percent in 1965), this category is 
expected to register modest to substantial gains. PSA 
6 takes in Washington, D.C., where a major portion 
of energy sales to the U.S. Government are classified 
as commercial. By 1990, commercial sales in per- 
cent of total energy in PSA’s 1, 2, 3, and 5 are 
estimated to range from 16 to 25 percent. Average 
use per customer in PSA’s 2, 3, 4, and 5 ranged 
from about 21,000 to 30,000 kilowatt-hours in 1965 


PSA 3 


CoincidentyPeak=-Mwi can sets sites oie circ ree 

Bnerey-Gwhs senses 2 merece © tok ao areas oi ogee 

Tooads Factor: 07. de.-. str wep aeteun ca toweron CAE isi eka ene 
Max. Demand 


Rate: Min. Demand 


Cele; © Wie) oueme 6 16) 6) :6 16) (0) 8i/e 6 6'\e) (by aie et &) (67:6 


Examination of the curves indicates that for these 
particular days, variation in demand is less pro- 
nounced for PSA 3 than PSA 4, reflecting in part 
the former area’s higher load factor. This is shown 
by the ratios of daily maximum to minimum demand 
of 1.6 for PSA 3 and 2.6 for PSA 4 in August and 
1.7 and 2.6, respectively, in December. The daily 
ratios are not as large as corresponding weekly ones 
shown above because of the effect of the low 
demand Saturday and Sunday period. The curves 
also demonstrate the effect of seasons on the peak. 
In December, with early darkness, the combined 
peak is sharp and of short duration. In August, for 


and is estimated at 88,000 to 105,000 in 1990. In 
PSA 1 average use was a little more than 12,000 
kilowatt-hours in 1965 and is expected to be in the 
order of 42,000 by 1990. Because of the large gov- 
ernment load in PSA 6, comparison with the other 
areas is not too meaningful. 


Utility Load Curves 


Utility loads vary with time in patterns deter- 
mined by the nature and degree of the human and 
economic activity peculiar to the area concerned. 
A load curve showing demands plotted against time 
is essential to any meaningful system analysis. Not 
only are such curves revealing with respect to sys- 
tem characteristics, but they contribute to a clearer 
understanding of capacity utilization in serving the 
load. Figures 6 and 7 illustrate actual integrated 
hourly load curves for the peak day for selected 
weeks in August and December for PSA’s 3 and 4, 
separately and combined. These areas were selected 
because they represent previously separate pools 
that now comprise the New York Power Pool, 
and they have different load characteristics. PSA 3 
peaks in the winter and PSA 4 in the summer. PSA 3 
has a large industrial load and a high load factor 
relative to PSA 4. The following tabulation gives 
load characteristics for the week containing the days 
plotted: 


August 1965 December 1965 
PSA 4 CSA B PSA 3 PSA 4 CSA B 
6, 564 11, 481 5, 807 6, 666 12, 466 
667 740 1, 407 743 734 1 477 
78 67 72 76 65 70 
1.8 259 2.3 ee) 239 2.4 


the day shown, high demands are sustained over a 
long period. 

Another useful device widely employed in sys- 
tem analyses is the load duration curve, which 
shows demands for the period desired in order of 
descending magnitude. Perhaps the most commonly 
used is the weekly load duration curve. Most sys- 
tem operations are keyed to a weekly cycle, such 
as maintenance scheduling as it affects thermal 
capacity available for load, hydroelectric genera- 
tion, both conventional and pumped storage, and 
continuing review of weekly and daily load fore- 
cast. While components of a system, or area power 
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NORTHEAST REGIONAL ADVISORY COMMITTEE 


COORDINATED STUDY AREA B 
TYPICAL LOADING OF ESTIMATED 1990 PEAK WEEK LOAD DURATION CURVE 
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supply, may be shown on an hourly load curve, they 
are more easily and descriptively positioned on a 
duration curve in accordance with their operating 
characteristics. They may be used to illustrate how 
future loads of various magnitude might be served. 

Figure 8 shows the estimated load duration curve 
for CSA B for the winter peak in 1990. The 
shape of the curve is based on load data for a 
selected week in December, 1965, after minor ad- 


justments to reflect anticipated changes in load 
patterns to 1990. Also indicated is the total net avail- 
able power supply assuming required reserves of 
approximately 24 percent of annual peak. The 
curve shows the general allocation of capacity that 
might be expected with generation likely to be 
available in New York in 1990. It also shows pump- 
ing power requirements associated with pumped- 
storage capacity. 
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CHAPTER II 
FUELS 


Introduction 


The material in this Chapter is based on a report 
entitled, “Fuel Resources, Requirements and Costs 
for Electric Generation in the Eastern United 
States,” prepared by a special Fossil Fuel Resources 
Committee established to make a joint study for the 
Northeast, East Central, and Southeast Regional 
Advisory Committees. The Fuels Committee report 
is being published as a separate document, and it 
should be referred to for details not covered in this 


Chapter. 


General Discussion 


The Fuels Committee report brings up to date 
studies made for the 1964 National Power Survey 
(Survey 1964) of the Federal Power Commission, 
reflecting changes in technology, public policy and 
energy trends since the original Survey, with par- 
ticular reference to fuels used for electric genera- 
tion. The period of analysis is extended by another 
ten years, to 1990. Intervening developments that 
have significantly changed the fuel picture are 
identified and analyzed. 

Two such developments with respect to fuels for 
electric generation that have assumed preeminence 
in the last few years are air pollution control and 
nuclear power. The nation’s concern about the need 
for cleaner air is resulting in legislation at federal, 
state and local levels mandating, among other things, 
the use of fuels having a progressively decreasing 
sulfur content to minimize the emission of sulfur 
dioxide from electric power plants and industrial 
and residential heating installations, or the use of 
processes to reduce sulfurous emissions when fuels 
of higher sulfur content are used. Air pollution 
abatement will increase power generation costs 
which ultimately will be reflected in consumer rates, 
and will necessitate changes in historical fuel pat- 
terns as the demand for low-sulfur coal and oil tends 
to place undue strain on available short-term 
supplies. 


For the longer term, 1971 and thereafter, the 
problems of air pollution may be reduced through 
the development of commercial fuel desulfurization 
techniques and the development of commercial 
stack emission control systems to supplement the 
limited supplies of naturally occurring low sulfur 
fuels. Because natural gas is virtually sulfur-free, 
its use as boiler fuel is receiving increasing attention 
by industry and by the Federal Power Commission 
which must find the public interest in balancing 
the need for cleaner air against conservation of a 
depletable national resource. 

Nuclear power for electric generation has made 
and is continuing to make such impressive tech- 
nological progress that the projections of nuclear’s 
share of the fuel market in the 1964 Survey must 
be revised upward to a marked extent. The com- 
mercial development of fast breeder reactors will 
substantially alleviate the present factor of economi- 
cally limited nuclear fuel reserves. 

Other noteworthy developments include the ris- 
ing trend in minemouth and midpoint electric plants 
with EHV transmission to distant load centers; the 
increasing acceptance of gas turbines and pumped 
storage for peaking power; “total energy” systems; 
and technologic progress in coal gasification. 

The 1964 ‘National Power Survey” indicated 
that by 1980 nuclear capability would be supplying 
10 percent of the Nation’s KWH generation.* Our 
current survey indicates that this 10 percent point 
will be reached, in the Northeast region in 1969 and 
that nuclear power will account for 60 percent of 
the total generation by 1980, and 82 percent by 
1990. This predicted growth is primarily the result 
of estimated reductions in the installed cost of large 
nuclear units from over $200 per Kw prior to 1964 
to generally estimated figures of about $150 per 
Kw for plants to be completed in the 1967-1970 
period. In the latter part of 1967 and early 1968, 
quoted prices for nuclear steam supply systems in- 


11964 National Power Survey, Vol. 2, Advisory Report 
No. 15, page 177. : 


II-1-17 


creased substantially, and at a more rapid rate than 
for similar-sized fossil units. This component cost 
increase apparently has not yet been a deterrent to 
the competitive position of nuclear plants. For pur- 
poses of this report it has been assumed that nuclear 
plants will continue to be competitive, for units of 
800 Mw and up, although for comparable sizes and 
construction types, nuclear units will cost at least 
20 percent more than coal fired units. 

The major attraction of nuclear generation par- 
ticularly in the New England-New York areas is 
its very low fuel cost, coupled with its practically 
non-existent fuel transportation cost. The absence 
that is also particularly significant in the metropoli- 
tan areas of Region I of atmospheric pollutants is 
another advantage. Drawbacks to nuclear genera- 
tion are: 

(1) Some opposition to locating such units 
close to centers of population—the heavy 
load centers. 

(2) The very large unit sizes necessary to ob- 
tain the lowest possible installed capital 
costs as needed for competitive status. 

(3) The need for highly trained, highly paid, 
and very scarce technical and supervisory 
personnel. 

(4) The necessity for operating at high 
capacity factors to realize low total costs. 

(5) The need for increased volumes of con- 
denser cooling water relative to fossil fuel 
units. 

Current concern about air pollution and the 
probability of air pollution control regulations in 
most of the metropolitan areas within the next few 
years introduces a large element of uncertainty into 
current fuel-use forecasts. However, it seems safe 
to predict an even higher percentage of nuclear gen- 
eration, more interest in “mine mouth” coal-fired 
plants remote from populated areas, more intensive 
development of low-sulphur fuel sources and emis- 
sion control systems, and generally higher energy 
costs for all electric utilities. These higher costs 
eventually must be borne by the consuming public. 

The choice of fossil fuel to be used in any given 
generating unit has usually been purely economic— 
which fuel will result in the lowest cost per Btu 
produced in the boiler over the life of the unit. 
The costs to be considered are: 

(1) Fuel producer’s selling price. 

(2) Transportation cost. 

(3) User’s handling cost. 

(4) Conversion efficiency. 


To these must now be added a fifth, and at present 

largely unknown, cost: 
(5) Compliance 
ordinances. 

In view of the major increase in nuclear genera- 
tion anticipated for the northeast region, the over- 
all use of fossil fuels is expected to decline during 
the next two decades. On the basis of an industry 
survey by the Fuel Resources Committee, the use of 
natural gas for electric power generation in the 
northeastern region is the only fossil fuel expected 
to show an increase, from 100 billion cubic feet in 
1966 to 117 billion cubic feet in 1990. The use of 
coal in this region is expected to decline from 60 mil- 
lion tons in 1966 to 4.0 million tons in 1990. Con- 
sequently, the relative position of coal in the total 
generation of the northeast region may decline from 
about 67 percent in 1966 to 11 percent in 1990. 
During the same period of time the absolute use 
of fuel oil may decrease from 76 million to 37 
million barrels. 

The Nation’s known coal reserves are more than 
adequate to meet all the needs of the electric util- 
ities, and all other users, through and well beyond 
1990. Slightly over one-half of the Nation’s total 
reserves of bituminous coal are within the three 
eastern regions covered by the Committee survey, 
and about one-third of this reserve is in the Ap- 
palachian area. 

Most of the total reserves of low-sulphur bitumi- 
nous coal are in this same Appalachian region. How- 
ever, very large investments will be required for any 
extensive mining of this coal; it is more costly to 
mine, it is generally at a greater transportation dis- 
tance from the points of use than is conventional 
coal, and there is considerable competition for it 
from other industries. All of these factors indicate 
considerably higher delivered costs than for conven- 
tional bituminous coal. 

The long-term mine price of coal has trended 
downward until recently due to mechanization and 
improved productivity. For the future, however, 
the results of this Committee’s survey indicate in- 
creasing cost of coal at plants for electric genera- 
tion. This is particularly true for the Northeast, 
because of the long haul distances from mine to 
generating plant. 

Most electric utility coal moves by rail, and here’ 
the development and use of “unit trains” has re- 
sulted in important cost savings. Further develop- 
ment of this concept into high speed “shuttle” trains 
may result in some transportation efficiencies, al- 


anti-air pollution 


with 
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though rates for coal are increasing at the present 
time. The practicality of pipeline transportation of 
coal has been proven by a 108-mile line which 
operated successfully for several years. Further de- 
velopments in pipeline transmission may well change 
the coal transportation picture considerably. Water 
shipments of coal have increased appreciably in 
recent years and are expected to continue as an 
important part of overall coal transportation. In 
spite of anticipated improvements in transportation, 
however, coal is not expected to be competitive 
with nuclear fuel in many areas of the Northeast 
during the 1970-1990 period. 

Improvements in the technology of, and reduc- 
tion in the costs of Extra High Voltage (EHV) 
AC and DC transmission are making the transpor- 
tation of “coal by wire” more attractive. It appears 
that within the next few years it will be economi- 
cally practical to transmit blocks of 3,000 to 4,000 
Mw from mine mouth plants to load areas 600 to 
700 miles away. This technique may become espe- 
cially attractive because of the probability of less 
acute air pollution problems in mining areas than 
in large metropolitan areas. However, dependence 
of a metropolitan area for its power supply upon 
long transmission lines introduces reliability prob- 
lems in the event of major line outages. Solution of 
these and other problems appears expensive and 
may well cancel out part of the savings otherwise 
possible. 

The delivered cost of natural gas to electric util- 
ities has remained relatively stable since 1960. The 
Committee’s survey indicates, however, that such 
cost is likely to increase. Gas is the easiest and least 
expensive of all fossil fuels to handle at electric 
generating stations, and the burning of gas mini- 
mizes air pollution problems. The role of natural 
gas in the generating of electricity in the Northeast 
is contingent on adequate supplies, and other fac- 
tors, including regulatory policy with respect to 
optimum use of this depleting natural resource. 

Technology is available today for shipping large 
quantities of gas in a liquefied state. Cost studies 
indicate, however, that it will be some time before 
liquefied natural gas (LNG) becomes economically 
attractive to utilities covered by this report, except 
for possible emergency use. 

Fuel oil (residual) has been of importance in 
power generation only in the coastal areas of the 
Northeast. The future use of this fuel is contingent 
on federal import policies and economic factors. 
Furthermore, domestic refineries now produce more 


profitable products from crude oil, resulting in less 
residual production. For these reasons it is expected 
that few new oil-burning utility generating units 
will be built. 

Table 10 summarizes the anticipated use of major 
fuels for electric power generation in the Northeast 
during the 1970 to 1990 period. 


Coal 


As a result of increasing efficiencies in the produc- 
tion, distribution, and transportation of coal and in 
its utilization for power generation, coal accounted 
for approximately 65 percent of fuel consumed by 
electric utilities in the United States in 1966, on a 
total Btu basis. 

Each year sees increasing quantities of coal used 
for the thermal generation of power on a national 
basis, and it is generally accepted that, quantita- 
tively, the trend will continue upward well beyond 
the period covered by this report. The question is 
how it will relate, percentagewise, to other energy 
sources in response to changes which already are 
taking place in the energy mix, including the growth 
of nuclear power generation and growing pressures 
for the reduction of air pollution. In the Northeast, 
the combination of air pollution problems of the 
eastern seaboard megalopolis, and its relative re- 
moteness from coal sources, militate against the use 
of coal for boiler fuel to the point that total coal 
consumption for electricity generation is expected 
to decline about 36 percent between 1970 and 1990. 

For the types of coal conventionally used for 
power generation, recoverable coal reserves are more 
than adequate to meet all foreseeable requirements 
far into the future. Reserves of low-sulfur bitumi- 
nous coals also are substantial. Because of higher 
mining costs and longer distances for transport, how- 
ever, the costs of such coals will be higher and their 
availabilities will differ more or less directly in 
relation to the levels of sulfur content established in 
pollution abatement regulations. Furthermore, the 
characteristics of low sulfur coal are not always 
suitable for all types of furnaces. 

Mounting interest in air pollution abatement has 
added new dimensions to the appraisal of coal 
reserves, their quality, and their availability for 
power generation. Principal among these is in- 
creased emphasis on coals of low sulfur levels, for 
the scope of coal availability narrows progressively 
as sulfur specifications become more restrictive. A 
corollary factor of importance is higher delivered 
prices for some of these coals, as compared to coals 
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TABLE 10 


Coal, Oil and Gas Fuels for Electric Generation, Northeast Region (Based on Survey by Fossil Fuel 
Resources Committee), Years—1966—1990 


Quantity Equivalent Quantity Equivalent Quantity Equivalent 
tons tons 


1966 


Northeast: 
Coali(Millions of tons)22...5- 2 «ee one 5749 
Oun(Millionsof Bhis;) 2s ones cee 76. 5 
Gasi(Mullionsiof cugtt)) 36. ee oe ee 100. 2 
otal 2 ss s210 spies Ries aa ers ROM Te, Sear age ees 
Northeast: 
Coal. (Millions‘of tons): /:2 2... sche. os 56. 8 
Onl (Millions ot, Bbis:)-aneee heeeee saaee 47.8 
Gas: (Millionsioficusit;) »sectee cae 146. 6 


tons 
1970 1975 
57.9 63. 0 63. 0 61.8 61.8 
19. 1 69. 5 17.4 57.4 14. 4 
4.1 148. 5 6. 1 162. 4 6.7 
co Re Ue EAS! ive 86. De acai eee 82.9 
1985 1990 
56. 8 48. 8 48. 8 40. 6 40. 6 
12.0 41.3 10. 3 3745 9. 4 
6.0 129. 1 5.3 P75 4.8 
LLIB ES: Seo 64,418 5. See 54. 8 


Fuel quantities are based on kilowatt-hour gerieration by fuels and weighted average heat rates, respectively; reported on 
the F.F.R.C. questionnaire, and were computed using the following conversion factors: 12,500 Btu per pound of coal; 150,000 
Btu per gallon and 42 gallons per barrel of oil; 1,030 Btu per cubic foot of gas. The oil and gas equivalents per ton of coal are 


4 barrels of oil and 24.3 MCF of gas, respectively. 


conventionally used for thermal generation, result- 
ing from both higher mining costs in some produc- 
tion areas and longer transportation distances. 
The development of commercial processes for 
the reduction of sulfur in coal or the removal of 
sulfur oxides from stack gases will permit the con- 
tinuing use of medium and higher sulfur coals. In- 
dications are that laws and regulations will either 
(1) restrict the sulfur content of fuels consumed to 
levels consistent with whatever considerations are 
pertinent to the respective areas, or (2) establish 
limitations on the sulfurous content of stock emis- 
sions into the atmosphere following combustion. 


Regional Distribution of ‘Coal Reserves 


Coal-bearing formations are widely distributed 
throughout the nation (Figure 9). On the basis of 
quantity, about 70 percent of the reserves are west 
of the Mississippi River. These deposits, however, 
are principally subbituminous coal and lignite, 
whereas the eastern coals are bituminous and 
anthracite. On the basis of calorific value, about 55 
percent of the total reserve is east of the Mississippi 
River and about 10 percent is within the northeast 
region covered by this report. None of the western 
coal is expected to be used in the Northeast before 
1990. 


The Appalachian region contains some of the 
largest reserves of high-quality, high-rank, coals in 
the United States. The estimated total remaining 
reserve in the northeast portion of the region is 
about 50,000 million tons, of which 75 percent is 
bituminous coal and the remainder Pennsylvania 
anthracite. 

The Appalachian region is the Nation’s store- 
house of high-grade coking coals. Notwithstanding 
heavy demands on these coals for the coke ovens 
of the U.S. steel industry (to which many of them 
are committed for the future through captive owner- 
ship), for export, and for low-sulfur coals to meet 
air pollution standards, the coking coal reserves of 
this region are more than adeqaute to meet all 
foreseeable demands of the metallurgical coke in- 
dustry. It has been estimated that Appalachia con- 
tains approximately 55,000 million tons of “meas- 
ure” and “indicated” reserves of metallurgical coal 
of over 28 inches in thickness which contain no 
more than 8.0 percent ash and 1.25 percent sulfur. 
This can be considered a minimum reserve using 
generally accepted standards for coking coal. Gen- 
erally, these coals also are excellent for electric. 
utility plants where air pollution is a problem, 
although their costs are appreciably higher than 
lower-grade coals conventionally used for steam- 
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COAL FIELDS OF THE UNITED STATES 


eS Subbituminous coal 
VA Medium. and high-volatile 


bituminous coal 


RSG Low-volatile bituminous coal 


sae | Anthracite and semianthracite coal 


Figure 9 
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power generation. The measured and indicated re- 
serves of these coals are expected to increase further 
as exploration transfers additional “inferred” re- 
serves to these categories. 

Air pollution has become a matter of major con- 
cern in the highly congested areas of the Northeast, 
so the availability and cost of low-sulfur coals are 
of prime importance to the coal and electric utility 
industries of the region and also to the general 
public. Increased costs inevitably will follow where 
substitutions of higher-grade fuels, available from 
more distant sources of supply, and therefore at 
higher transportation costs, become necessary. The 
problem can be significantly relieved, however, with 
the early development of commercial processes for 
the reduction of sulfur in coal and the reduction 
or removal of sulfur oxides from stack gases. 

Proposed limitations on sulfur levels differ ap- 
preciably in various sections of the country. Those 
in effect, or being considered for the northeast 
region in general, and the New York metropolitan 
area in particular are relatively restrictive, reflecting 
the consideration that has been given to coal availa- 
bility and economic costs as measured against atmos- 
pheric conditions. 

These sulfur limitations will require increasingly 
large-scale substitutions of lower sulfur coals for 
the higher sulfur coals used heretofore. In addition 
to problems of availability resulting from shifts in 


sources of supply and changes in burning facilities, 
substitutions generally will mean increased costs of 
coal. Lower sulfur coals are in higher-cost mining 
areas than the coals conventionally used for power 
generation. The latter includes large quantities of 
strip-mined coals. Also, for the most part, lower 
sulfur coals originate in mining areas at greater 
distances from points of utilization than previous 
sources of supply, which correspondingly increases 
transportation costs. 


Production and Consumption 


National production of bituminous coal and 
lignite has. increased steadily since 1961 (403 mil- 
lion tons) to an estimated 551 million tons in 1967, 
the highest since 1958. Approximately 83 percent 
of total output is produced in the three eastern 
regions covered by the Fossil Fuel Resources Com- 
mittee report, the great preponderance of which is 
in the Appalachian area; the balance is in Indiana 
and West Kentucky. 

Bituminous coal and lignite shipments to electric 
utilities currently account for 57 percent of US. 
consumption. Shipments from mines to electric 
utilities in the northeast region (62 million tons in 
1967) by districts of origin and states of destination, 
are shown in Table 11. Shipments by districts of 
origin and methods of shipment are shown in Table 


H2. 


TABLE 11 


Shipments of Bituminous Coal to Electric Utility Plants, Northeast Region, by Districts of Origin and 
States of Destination, Year 1967 


[Thousand Net Tons] 


States of destination 


Total 
Northeast: 

Massachusetts tintin eed ae ee ee 3, 418 
Connecticut.aacceia. ane een cena 4, 030 
Maine, New Hampshire, Vermont, Rhode 

Island}. e ei eee ee eee 719 
New «York eg... eee 14, 330 
New: JerseYins <Austpiceinsc ett acs aaBeertiaee 6, 402 
Pennsylvania 230 ack. eh oc ee 23, 595 
Delaware;andsMaryland aerate 8, 713 
Districtiof (Columbians: eer eee ne 546 

Total Northeast 399-01 ee 61, 753 


Districts of origin 1 


1 2 3 and 6 4 7 8 
743 2 O61 fee 64 1,648 

Ai LES Vigick sp 109183 112 36 
LO 539s biel: ae ee 187 
4, 271 163 7, 939 Pa ee 1, 718 

Ke GILe cee eee 4600 a oe 131 
11, 306 5, 882 6, 360". eee 47 
5, 273 179 3 O77 et eee 44 
44709, Le ee A eh Sere: 95: see 


26, 502 6, 226 24, 704 239 271 3, 811 


1 1—Eastern Pennsylvania; 2—Western Pennsylvania; 3 and 6—West Virginia Panhandle; 4—Ohio; 7—West Virginia 


and Virginia; 8—West Virginia and Virginia. 


Source: Bureau of Mines, Department of the Interior (Any differences between “shipments to” and “consumption at”’ 
electric utilities represent coal in transit, consumption from stocks, and other balancing factors.) 
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TABLE 12 


Shipments of Bituminous Coal to Electric Utility Plants, Northeast Region, by Districts of Origin and 
Method of Shipment, Year 1967 + 


[Thousand Net Tons] 


Methods of 
shipment Percent 
Total 
Northeast: 
Adlcrail wees beer G aeons oe Wate 2 55 34, 074 
Csreatp cakes crc ty. ferer- eae eeterae stat eied chs. 129 
MP IGew ater stir acis ostrs ates tks 23 14, 483 
PE SUCKrretereen ters ort ole ears e ore iece.s 12 db dlen 
River Mare ee 25, Nee. BE 7 4, 148 
EL TraMWAY 6 EtG. iets ial etdey eda, «soi 3 1, 768 
Total Northeast............. 100 61, 753 


1 Source: Bureau of Mines, Department of the Interior. 
2 Tramway, conveyor, and private railroad. 


Districts of origin 


1 p4 3 and 6 4 7h 8 
15, 700 1, 059 16, 899 239 95 82 
Rt aN Ae rind pe ere 129 Sere A ramraten cored 
4, 599 21 620008 as 176 3, 687 
5, 176 D7 Saree re ee rae ae are ees 
Bt aoe fate 2, 430 LAO Ome cea ee 42 
1, 027 A: ER ee Sere EARP PNM ODE deo She ee ca SS 


Total 
production 
Year (million tons) 
US. Eastern 
BOG et eet cate «bs eee ss ace 403 336 
NOG ZA ret ese resoe ues sie saree & 422 352 
LOOSE ee sc MR ees cba 459 383 
DOGL Ee eee halter eke Somes dua, 487 406 
MTSE oinin o a dooce aR tteG.c Oke, chicken teeta 512 426 
ROO sete reer eis eee 2 ays Sisied oandions one Pieteid s 534 442 


1 Excludes Illinois. 
2 Includes Illinois. 
3 Preliminary. 


Delivered Price Factors 


Prices at which coal is and will be available in 
different areas vary with differences in mining meth- 
ods and costs, quality, distances from point of ex- 
traction to points of utilization, and many other 
factors. Among the principal components of de- 
livered coal prices are (1) the f.o.b. mine prices 
of coal and (2) transportation costs. The follow- 
ing table indicates the relationship between these 
two factors and trends for the period 1961-1966 
for bituminous coal and lignite for the U.S. as a 
whole and in the three regions covered by the fuels 
task force report (referred to below as “‘Eastern’’). 

As indicated in Table 12 in the northeast region 
covered by this report all-rail shipments predomi- 
nate as the method of transportation. Movements 
via tidewater, river, Great Lakes, truck, and tram- 


Average mine 
value plus average 
rail rate 


Average rail 
freight rate 


Average value 
f.o.b. mine 


US. Eastern! U.S. Eastern? USS. Eastern 

$4. 58 $4.64 $3.40 $3.45 $7.98 $8. 09 
4. 48 4. 56 302 3. 39 7. 80 7.95 
4. 39 4. 46 ay 74 3928 7. 60 7. 74 
4.45 4. 52 3511 3. 16 FROG 7. 68 
4. 44 4. 54 Sas Sal Ve57 Th A 
4. 54 4.65 3. 01 33.05 WED 7.70 


way vary in importance in accordance with differ- 
ences in coal originating areas and in areas of des- 
tination. Table 13 shows costs of coal consumed in 
1966 at electric utilities in the States that comprise 
the northeast region. 


Mine-Mouth Power Plants 


The location of power generating facilities in 
coal-producing areas, at or near the mines has been 
practiced for many years on a more or less localized 
basis. With important technological advancements 
in EHV transmission which permit the distribu- 
tion of power over increasingly greater distances, 
and the further development of intertie, or grid 
systems, the potentials for increased growth of the 
mine-mouth concept have been broadened signifi- 
cantly. Table 14 shows new “mine-mouth” plants 
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with units of 500 megawatts or more that serve or 
will serve loads in the northeast region. 
““Mine-mouth” plants have many advantages to 
both the coal and electric power industries. Among 
these are lessening of air pollution problems, par- 
ticularly in those metropolitan areas in which gener- 
ating facilities to meet increasing consumer de- 
mand would otherwise be located. They reduce the 
need for and the cost of transporting and handling 


coal in bulk form, as well as problems of storage 
and ash disposal in metropolitan areas. They give 
coal an increased and “captive” market which 
otherwise might be served by competing energy 
sources. They also make coal-generated power 
available for the encouragement of economic en- 
terprises over wider distances, from the local pro- 
ducing areas all along the line to distant consuming 
markets. 


TABLE 13 


Coal Consumed by Electric Utilities, Northeast, Year 1966 


TABLE 14 


Coal Cost per ton Cost per million Percent 
con- Average Btu coal/all 
States Installed Net suncd =) Bta.) re 
capacity generation (1000 per F.o.b. As F.o.b. As (Btu 
MW GWH tons) pound plant burned plant burned basis) 
(cents) (cents) 
Northeast: 
Massachusetts. .....0 ccs @i- 3,793.4 19,717.3 3,725 12,788 $8.73 $8.98 34. 3 35. 1 45 
Connecticubs. ese. 2,230.59 19°363. 19 4/429 120857 8. 03 8. 24 31,2 32.0 84 
Maine arenes oo eee 436. 6 Dy FOO Bo ca nine Neg ss cases dnd «0s igre Syl at ers atid jateke eee ie eae er 
New Hampshire........... 367. 2 172643 S11 93,596 9. 40 9.59 34. 6 3353 45 
Rhode/Island:\42 55 $8 s1...6 365. 1 1, 284. 0 375 -913;,658 8. 96 9. 87 32.8 36. 1 62 
Vermont sien cries. qecentncs ¢ 30. 0 57. 8 3291355706 N.A 9. 89 N.A. 36. 1 100 
News Jerseyon een eee ioe 5, 991. 4 28, 749.8 6,836 13, 184 7. 78 7.97 29.5 30. 2 61 
New York State:... 45. .-. 12, 971.5 54, 954.0 13,079 13, 223 7. 86 dood 2907 30. 1 58 
New York City....... 8, 909. 3 33, 77621 265, 087%, 13,459 8. 63 8. 64 32. 1 BY A | 35 
New York excluding 
New York City..... 4, 062. 2 21, 17759 % +7; 992, 413;,073 7. 38 7. 54 2832 28. 8 99 
Pennsylvania’... oy eee 10, 090. 1 57, 429.7 24,124 12,319 Rey 5. 74 22. 4 23:3 93 
Philadelphia.......... 3,209; 2 16, 00655 @ 4,759) 13,516 7. 83 8. 09 29. 0 29.9 76 
Pennsylvania exclud- 
ing Philadelphia.... 6, 884.9 41,423.2 19,365 12,024 4, 94 3. 16 20.5 21:5 100 
Delaware S4a0..5 0 ses eo 725.3 39382,6, » “151745 127992 1233 7. 40 28. 2 28.5 87 
Maryland atin oie aanna 3, 484. 0 17,321: 30%.6,676. (13,081 7. 18 (bese 27. 4 27.8 99 
District of Columbia....... 533. 8 916.5 494 13,159 8. 35 8. 98 Sis] 34. 1 98 
Total Northeast......... 41,023.6 200, 303.2 61,257 12,794 $6.92 $7.10 2100 27.8 72 


Mine-Mouth Electric Plants of 500 Megawatts Capacity and Over, Northeast Region '—New Plants 
and Additions Scheduled for 1967 to 1973 Service 


Megawatts Operational 


Operator 


Keystone Noal<t Sia. ee ee ee ee 900 1967 Keystone group of PJM Pool. 

Bueystone Noi2 <2 Aetocs ai oe ee 900 1968 Keystone group of PJM Pool. 

Conemaugh No.l, nuscietmerone tines 900 1970 Conemaugh group of PJM Pool. 

Conemaugh Noi2s.. cadens ane onee 900 1971 Conemaugh group of PJM Pool. 

Homer City Nov lorie so nels care ae ee 640 1969 Pa. Elec. Co. & N.Y.S. Elec. & Gas Co. 

Homer City NoM2cn, «tse ot oie ae ee 640 1970 Pa. Elec. Co. & N.Y.S. Elec. & Gas Co. 
OG ae er ond a cae eee ee 4, 880 


1 There are several additional minemouth plants with units of less than 500 megawatts. 


Source: FPC “Steam-Electric Plant Construction Cost and Annual Production Expenses,” various annual supplements. 
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Natural Gas 


The continued importance of natural gas to the 
fuel economy of the electric industry is unques- 
tioned notwithstanding the phenomenal growth of 
nuclear power projected in the next two decades. 
The relatively pollution-free quality of natural gas 
has enhanced its value for producing electric energy, 
at least for the short term. 

Natural gas requirements for all purposes in the 
United States during the next two decades are ex- 
pected to increase at an average annual rate of 
approximately 3 percent, rising from 17.8 trillion 
cubic feet in 1966 to 36 trillion in 1990.? Gas as 
fuel for electric generation represented 14.6 per- 
cent of total U.S. natural gas requirements in 1966. 
Natural gas consumed in producing electricity in 
the northeast region covered by this report will 
increase by about 62 percent over current con- 
sumption levels by 1975, and then decline to 17 
percent over current levels by 1990. Gas will ac- 
count for only 1.3 percent of total electric genera- 
tion in 1990 compared to 4.7 percent today. 


Reserves 


Proven recoverable reserves of natural gas in the 
United States, exclusive of Alaska and Hawaii, ap- 
proximated 286 trillion cubic feet as of December 31, 
1966, according to estimates of the Committee on 
Natural Gas Reserves of the American Gas Associa- 
tion.® This is equivalent to about 12,000 million tons 
of high grade bituminous coal and is sufficient to last 
about 16 years based on 1966 net production of 17.5 
billion cubic feet. 

The additional gas that ultimately may be dis- 
covered and produced—the potential gas supply— 
has been estimated as 690 trillion ‘cubic feet as of 
the end of 1966. This estimate was made by the in- 
dustry’s Potential Gas Committee under the spon- 
sorship of the Mineral Institute of the Colorado 
School of Mines, and represents gas supply not 
proved by drilling and therefore classified as 
“probable,” “ 
upon geologic conditions and degree of explora- 
tion. The Committee’s estimate by supply areas 


possible” or “speculative” depending 


? Future Natural Gas Requirements of the United States, 
Vol. No. 2, June 1967. 

* Potential Supply of Natural Gas in the United Stites as 
of December 31, 1966, Prepared by Potential Gas 
Committee. 


* Ibid. 


and classifications is as follows (Trillion standard 
cubic feet) : 


East Central West Total 
Probable.......... 55 220 25 300 
Possible*3:.... = S35 ae, coe 170 40 210 
Speculative....... 60 80 40 180 
Cotalaee 115 470 105 690 


The East supply area in the foregoing tabulation 
is approximately coterminous with the Northeast, 
East Central and Southeast Regions of the National 
Power Survey study. 


Coal Gasification 


Natural gas as fuel for electric generation in the 
United States during the five-year period from 1961 
to 1966 increased from 1.8 to 2.6 trillion cubic 
feet,° an average annual growth rate of 7.4 per- 
cent for the period. The gas used for electric gener- 
ation represented 14.6 percent of total natural gas 
requirements of 17.8 trillion cubic feet in 1966. 

In the Northeast, it is estimated that gas for elec- 
tric generation will increase from 100 million cubic 
feet in 1966 to 162 million in 1975, and then decline 
to 117 million by 1990. 

To the extent that natural gas for electric gener- 
ation is off-peak or “valley” gas, it tends to promote 
pipeline economy by permitting a higher load factor 
operation than otherwise would be possible if pipe- 
line loading were determined solely by gas con- 
sumers’ daily and seasonal requirements. This results 
in lower rates for gas service to consumers. 

The Federal Power Commission, which has juris- 
diction over gas use through its regulation of inter- 
state pipelines, has in special situations authorized 
some additional gas for use in electric generation. 
The Commissions policy in this respect is to deter- 
mine the public interests in each individual case, 
balancing long-term conservation against short-term 
benefits of air pollution control and fuel economics. 

The price of gas at the wellhead and to the con- 
sumer, including electric utilities, has remained rela- 
tively stable since 1960, as shown below.® 


5 Federal Power Commission: Electric Power Statistics. 
* American Gas Association, Gas Facts, 1966. 
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356-239 O- 71-4 


Average Wellhead and Consumer Price of 
Natural Gas 


Consumer cost by class of service 


Average (Cents/MCF) 
wellhead 
Year (cents/ Industrial 
MCF) (Including 
Residen- Commer-_ Electrical 
tial cial Utilities) 
TOGO 14.0 97 77 33 
19612 sine. Waia 100 78 34 
L962 cites 1525 100 79 35 
1963 2. 15.8 100 79 35 
1964..... 15. 4 100 78 34 
196553. 22 15.6 100 78 ofa, 
19662327; 15.9 100 77 35 


Gas-Fired Total Energy Systems 


Gas-fired total energy (TE) systems which com- 
bine on-site electric generation with waste heat 
utilization for air conditioning and process heat 
have been achieving increasing acceptance by the 
commercial and industrial market since the early 
1960’s, The number of installations was about 100 
in 1964, in excess of 430 in 1967, and is expected to 
rise to 680 by the end of the 1968.” 

A recent market study conducted for GATE 
(Group to Advance Total Energy) by Battelle Me- 
morial Institute predicted a potential TE market 
of 72,000 new and existing commerical buildings 
through 1971; approximately one-fourth of these 
buildings are located in the eastern section of the 
United States. 


Liquefied Natural Gas 


The shipping and storing of liquefied natural gas 
(LNG) has only recently advanced from the theo- 
retical to the commercially feasible stage. The first 
commercial shipment of LNG, from Algeria to the 
United Kingdom and France, was delivered in 1964. 
More recent contracts provide for large deliveries 
of LNG from Alaska to Tokyo, commencing in 
1969-° 

In the United States, several gas transmission 
companies are studying the economic feasibility of 
importing substantial volumes of LNG from Vene- 
zuela to provide new sources of gas to supplement 


7 Electric Light and Power, February 1968. 
* Business Week, February 19, 1966; Oil & Gas Journal, 
January 1, 1968. 


their domestic supplies. The objective is to deliver 
pipeline quality gas in New York at competitive 
rates.® 


Coal Gasification 


Technology for producing low-Btu synthetic gas 
from coal has long been available. The major em- 
phasis in the development of coal gasification proc- 
esses today is on the production of high-Btu gas 
with a minimum heating value of 950 Btu per cubic 
foot. A product of this quality could be blended 
with natural gas without seriously diminishing unit 
heating value, and could be transported economi- 
cally through new or existing pipeline systems from 
points of manufacture to centers of consumption. 

For different reasons, government, coal interests, 
and elements of the natural gas industry have joined 
to support research and development in coal gasi- 
fication: government—to broaden the energy re- 
source base; the coal interests—to develop new 
markets for coal; and the natural gas industry—to 
insure a long range supply of economical gaseous 
fuel. There has been a significant increase during 
the past five years in efforts directed toward coal 
gasification. 

There are several reasons why coal is receiving 
favorable consideration: 

1. Coal is an abundant indigenous resource. 

2. Coal prices tend to remain relatively stable. 

3. Coal is a relatively inexpensive feedstock for 
gasification processes. In most areas of the 
country coal or lignite is available at 10 to 
20 cents per million Btu at the mine, 
whereas the price of the lowest grade petro- 
leum product that might be used as feed- 
stock for gasification is 40 to 50 cents per 
million Btu. 

At present, the cost of manufacturing gas can 
only be estimated. With coal at 15 to 16 cents per 
million Btu the cost of producing gas by any one 
of the proposed gasification processes would be 
about 50 cents per million Btu. Depending on the 
size of the plant, the price of coal, credits for by- 
products (sulfur), assumed rate of depreciation, 
and anticipated average return on equity capital, 
synthetic pipe-line quality gas might be as low as 
40 cents per million Btu. At present, the average 
price of natural gas available for resale near cen- 
ters of consumption is 35 cents per million Btu. 


® Oil and Gas Journal, November 20, 1967. 
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Residual Oil 


The outlook for residual oil for electric genera- 
tion has been somewhat dimmed by two major de- 
velopments since the National Power Survey was 
issued in 1964. First, the sudden emergence of en- 
vironmental quality as a major public concern and 
the resulting emphasis on low-sulfur fuel. Second, 
the widespread acceptance of nuclear power with its 
economic incentive and its appeal as a pollutant- 
free source of energy, notwithstanding certain urban 
siting problems still to be resolved. The impacts 
of these and other developments are reviewed in 
this study. 

Domestic residual fuel oil production dropped 
21 percent between 1960 and 1966 despite increased 
refinery crude runs, as refineries converted their 
residuum to more economically attractive products. 
Asphalt production increased almost twice as fast 
as crude runs, while coke production grew almost 
three times as fast. 

Electric utilities reporting to the Federal Power 
Commission 1° increased their use of residual oil for 
electric generation from 86 to 141 million barrels 
between 1961 and 1966. The annual rate of in- 
crease was much greater in the later years but 
averaged 10 percent for the period.1* Most residual 
oil is used in the coastal states where large tanker 
deliveries from Venezuela and, more recently, from 
Africa, minimize transportation cost. 

Electric utilities in the Northeast included in the 
recent survey conducted for this report estimate 
that during the next two decades the amount of 
residual oil for electric generation will decrease both 
in absolute value—from 77 million barrels in 1966 
to 38 million barrels in 1990—and percentagewise 
from 22 percent to 3 percent of total generation. 


Federal Oil Import Policy 


Restrictions on oil imports were imposed by the 
President under the Trade Agreements Act of 1955 
as extended in the Trade Expansion Act, which 
authorizes him to impose quantitative restraints on 
imports if they threaten to impair national security. 
The Oil Import Administration, under the super- 
vision of the Assistant Secretary—Miuneral Re- 
sources, Department of the Interior, discharges the 


Oil used in 1966 by electric utilities covered by this 
report is shown in more detail in Table 12. 
“4 Federal Power Commission: Electric Power Statistics. 


responsibilities imposed upon the Secretary of the 
Interior by Presidential Proclamation 3279 of 
March 10, 1959, as amended, “Adjusting Imports 
of Petroleum and Petroleum Products Into the 
United States.” This proclamation, made in the 
interest of national security, imposes restrictions 
upon the importation of crude oil, unfinished 
petroleum oils, finished petroleum products, and 
residual fuel oil to be used as fuel. The Adminis- 
tration allocates imports of these commodities 
among qualified applicants and issues import li- 
censes on the basis of such allocations. 

Interior Secretary Udall announced on March 25, 
1966, a program for the year beginning April 1, 
1966, which amounted to a substantial relaxation 
of control of fuel oil imports into District I. How- 
ever, the Presidential Proclamation still provides 
for controls, and the control can be reestablished 
at any time. 

In the long run, however, it might be most de- 
sirable to pursue policies which would encourage 
competition among all fuels, including low-sulfur 
fuel oil. Although nuclear generation is making great 
strides toward becoming the dominant mode of 
electric power generation in the Northeast, residual 
fuel oil will continue to play an important role in 
satisfying the constantly growing need for fuels for 
electric power generation. 

On July 17, 1967, the Proclamation was amended 
to encourage imports of low-sulfur residual fuel oil 
and the manufacture of low-sulfur residual fuel oil, 
from imported crude oil, to help abate air pollu- 
tion. This was accomplished by: 

(1) Changing the definition of residual oil to 
include No. 4 oil. 

(2) Easing low-sulfur residual import alloca- 
tions in District V. 

As a result of the relaxation of controls, there have 
been substantial increases since 1966 of imported 
residual fuel oil available to the electric power 
industry. At the present time, the Federal Oil 
Import Policy appears to have improved the com- 
petitive position of high-sulfur residual fuel oil 
for the electric power market in the Northeast, 
Eastern Seaboard, and Florida areas. Numerous 
and highly restrictive air pollution control regula- 
tions have been enacted in areas of the Northeast, 
requiring that residual fuel oils, if used, be of low- 
sulfur content. These regulations introduce new 
factors in the competitive picture. As a result, con- 
sumers of fuel oil are apprehensive about the long- 
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range effect of the low-sulfur fuel oil requirements 
and the possibility that artificial controls may be 
introduced at later dates in an effort to preserve 
traditional trade relationships. 


Oil From Coal and Shale 


Potential synthetic crude oils processed from 
reserves of coal, oil shale and tar sands afford greater 
national security than the alternative of increasing 
reliance on oil imports. Industry sources estimate 
that 2.5 trillion barrels of synthetic oil could be re- 
covered from United States coal reserves, plus 650,- 
000 million barrels from U.S. oil shale and 300,000 
million barrels from Canada’s tar sand.’? Synthetic 
crudes are not expected to be significant fuels for 
power generation in the Northeast before 1990. 


Nuclear Power 
Introduction and Summary 


Nuclear power technology progressed steadily 
from the days of the Shippingport, Dresden and 
Yankee prototype generating stations of the late 
fifties till about the end of 1965. At this point, a 
combination of competition in the budding nuclear 
industry, practicable light water reactor systems, 
and electrical system demands for large, economical 
units coincided. The result was an unparalleled 
surge in the industry to “go nuclear.’ Dur- 
ing 1966, nearly one-half of the new generating 
capability ordered was nuclear.** This phenom- 
enal growth has been characterized by a broad 
and intensive industrial participation, with an 
awareness that the associated manufacturing and 
uranium industries must develop rapidly to meet 
the demand, Similarly, the need has become 
evident for fast breeder reactor development to 
improve nuclear fuel resources utilization and 
to better utilize the expected plutonium pro- 
duction of the present generation of light water 
reactors. The relative availability and cost of fossil 
and nuclear fuels, improved capital investment 
aspects of larger nuclear systems, and the impact of 
air pollution on public opinion have been major con- 
siderations in fossil versus nuclear decisions. Indica- 
tions are that nuclear power will assume an ever in- 
creasing role in power production, with a gradual 


%* National Coal Association: Coal News, March 1, 1968. 

*“The State of the Nation’s Power”—C. P. Avila, 
President EEI, speech to N.Y. Society Security Analysts 
January 17, 1968. 


transition to the economically advantageous fast 
breeder systems as that technology develops, 
predicted for the 1980's, 

The great strides made in nuclear technology and 
the foresight of the Federal Government in en- 
couraging private industry to put the nuclear in- 
dustry on a free enterprise basis have gone far to- 
ward making nuclear power economically competi- 
tive. Fast-rising future energy requirements place 
even greater demands on development of nuclear 
power, and exploitation of all our fuel resources, 
and thus charges government and industry with 
having to meet these needs through the use of ad- 
vanced concepts such as the fast breeder system, and 
more economical construction and _ operating 
techniques. 


Operating Experience 

As of January 1, 1968, there were four operable 
nuclear power stations in the Northeast, providing 
about a million kilowatts of capacity. The Connecti- 
cut Yankee Unit No. 1 at Haddam Neck, Conn. 
achieved criticality on July 24, 1967 and reached its 
present capability of 463,000 Kw in January, 1968. 
In 1967 the Peach Bottom (Phil. Elec. Co.) high 
temperature gas-cooled reactor went into com- 
mercial operation, demonstrating the practicability 
of this concept. The Yankee Rowe Plant (Yankee 
Atomic Co.—1962) of 175,000 Kw capability, has 
shown over a period of years the practicality and 
dependability of light water reactor systems. Con- 
solidated Edison’s 265,000-Kw Indian. Point Unit 
One (1962) is also building an impressive operat- 
ing record. Operating, maintenance and availability 
experience of these units, and twelve others scattered 
throughout the United States, has been such as 
to convince the electric utility industry that their 
new generating requirements can be met safely and 
reliably by nuclear power. 


Nuclear Fuels 


A milestone with significant beneficial effect on 
the electric power industry occurred with the pas- 
sage of the Private Ownership of Special Nuclear 
Materials Act of 1964. This permits the orderly 
transfer from Government to private ownership of 
enriched uranium and plutonium produced by ir- . 
radiation. The following table shows the timing of 
the related changes.** 


* The Nuclear Industry—AEC, 1967. 
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TIME-TABLE 


Private Ownership Permitted_____ 

Toll Enriching of Privately Owned 
Uranium Can Begin. 

AEC Prohibited from Entering Into 
New Lease Agreements for Power 
Reactor Fuel. 

AEC Guaranteed Purchase Price 
For Plutonium Will Terminate. 
Private Ownership of Special Nu- 
clear Material Mandatory, all 
prior lease arrangements must 

terminate. 


August 26, 1964. 
January 1, 1969. 


January 1, 1971. 


December 31, 1970. 


July 1, 1973. 


This legislation already has generated, and will 
continue to generate, desirable competition in the 
nuclear fuel industry. The only component of the 
fuel cycle still in government hands is the enrich- 
ment process, and the Atomic Industrial Forum 
with the AEC has initiated a study of the feasibility 
and desirability of transferring to private industry 
one or more of the government’s gaseous diffusion 
plants for fuel enrichment, The utilities are exhibit- 
ing an increased independence from reactor sup- 
pliers in making arrangements for reactor fuel load- 
ings beyond those contracted for at the time of 
placing the nuclear steam supply system orders. The 
options available to utilities range from that of the 
reactor manufacturer’s full fuel cycle service to that 
of the utility controlling many of the major steps 


in the fuel cycle. Recently, many of the companies 
involved in the nuclear fuel cycle industry an- 
nounced plans for moves into, or expansions, to 
handle the new requirements. This, combined with 
the transition by the uranium supply industry from 
the guarantees of a government supported to a 
private market, is expected to have a long range 
favorable effect on nuclear fuel economics. 


Present and Future Status 


The Northeast Region leads the country in in- 
stalled, ordered, and planned nuclear power genera- 
tion. In this region are located 4 of the 16 operable 
nuclear power plants, 6 of the 21 plants being con- 
structed, and 10 of the 40 plants planned.*® Most 
of these future units are in the 800,000 kilowatt 
range, the largest being of about 1,100,000 kilowatts 
capacity. Nuclear fuels for these plants and others 
will be available from known reserves, new dis- 
coveries, or breeder reactors. 


Summary 


Table 15 summarizes the anticipated energy 
source for electric power generation in Region I for 
the 1970 to 1990 period. 


* AEC Release—January 11, 1968. 
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Electric Generation by Type of Fuel and Hydro Power, Northeast Region (Based on Survey by Fossil 
Fuel Resources Committee), Years—1966—1990 
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CHAPTER Ill 
ELECTRIC GENERATING FACILITY TRENDS IN THE NORTHEAST 1970-1990 


Patterns of Generation Development 


The generation development plans depicted on 
the maps in the Summary and the principal facilities 
map at the end of the report reveal the continued 
trend of expected power system load densities in 
Region I and also the fuel and cooling water effects 
on generating plant location. 

The availability of coal in Pennsylvania has been 
recognized in the pattern of future generation shown 
in this report, to the extent believed to be feasible in 
terms of delivered fuel costs and air pollution con- 
siderations. A number of relatively large fossil-fueled 
plants are anticipated in central and western 
Pennsylvania. 

Several large oil-fired plants are expected along 
the Atlantic Coastal areas. These sites offer eco- 
nomic installations for generating stations fueled 
with oil which can be delivered by sea-going 
tankers. 

The megalopolis area from Washington, D.C. to 
Boston is expected to continue as the most con- 
centrated load area of the Region, and for this rea- 
son the largest number of generating plants will be 
found there. The availability of coastal waters as a 
source of cooling for the large stations anticipated 
also makes the megalopolis area a naturally de- 
sirable area for plant sites of the future. 

The rather dramatic trend toward the installation 
of nuclear units, as urban siting of nuclear genera- 
tion becomes practical during the 1970 to 1990 
period is due both to economics and the solution 
which these plants offer to the problems of air pollu- 
tion. This trend will result in a large concentration 
of nuclear plants in all of the heavy load areas of 
Region I except in the Pennsylvania coal areas 
mentioned above. 

A large number of desirable pumped storage sites 
are available in the Region, and the peaking re- 
quirements which economically can be met from 
such sources in an area served by nuclear base load 
stations, is expected to lead to the development of 


several large pumped storage facilities in the years 
ahead. Inventories of pumped storage sites in 
Region I, both existing and undeveloped, may be 
found in Appendix A. 

Some opportunities exist for expansion of con- 
ventional hydroelectric capacity, but the amount 
involved is relatively small in comparison with total 
additions. Gas turbine capacity will be added, where 
appropriate, to carry peak loads, to help maintain 
system reliability, and to optimize investment costs. 

Higher voltage interconnections between com- 
panies and systems, together with reduced availa- 
bility of suitable generating sites, will act to increase 
plant sizes for all types of generation. 


Fossil-Fueled Plants 


Fossil-fueled thermal plant sizes may increase to 
5000-7000 megawatts by 1990, even though such a 
large investment at one place may not now seem 
prudent or justified. Unit sizes may increase to as 
much as 1500 megawatts by the end of the period; 
pressures and temperatures have temporarily leveled 
off at about 3500 psi, and 1000°/1000° F but will 
probably go higher as technology improves. Relia- 
bility is becoming increasingly important, and the 
previous rapid advances of higher steam condi- 
tions are tempered by the need to more thoroughly 
prove the expected gains. Heat rates may be further 
improved, but again in much smaller incre- 
ments, and by improvements in boiler efficiency, 
better exhaust and condenser design, and possibly 
by use of combined cycles, to take advantage of the 
thermal efficiencies inherent in their design. 

Automation and precise controls will be necessary 
to properly and adequately control the tremendously 
concentrated energies of the super-sized generating 
units. Operations by computer and automatic con- 
trol, including the most difficult procedure of start- 
ing pulverized coal fired units, will become more 
commonplace. Controlled heating and expansion of 
boiler and turbine parts on startup and shut-down 
will be required to eliminate damage by thermal 
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stresses and to avoid unnecessary maintenance of 
the large units, thereby assuring high availability. 
Response of machines to spinning reserve con- 
tingencies will have to improve as sizes increase and 
fewer total units are on the line at any given time. 
Boiler response to sudden system changes in gene- 
ration or load will have to be faster than it is today, 
particularly in being able to utilize stored energy for 
rapid load pickup and before the solid fuel combus- 
tion process readjusts the rate of heat release. 

Fuel supply in storage as protection against pro- 
duction or transportation stoppages or other prob- 
lems will represent a major inventory investment for 
large concentrations of generating capacity at a 
given site. Sixty-day supplies are presently common- 
place, and may have to be increased to seventy-five 
or even ninety, to adequately protect against 
shortages. 

Automated transmission safeguards against gen- 

eration upsets caused by loss of a large unit, loss 
of major sectors of load or disturbances of fre- 
quency and/or voltage will be more important as 
systems continue to expand and protection of com- 
ponents from damage becomes more vital to 
reliability and availability. Reliability of plant aux- 
iliaries has improved to the point where spare equip- 
ment is not usually included in new designs; better 
maintainability and more complete stocks of parts 
protect against long time outages due to auxiliary 
failures. 

Leveling off of the unprecedented increases in 
size of boilers and turbines, and increases in steam 
conditions observed over the last decade, signals the 
realization that operating experience must catch 
up to predictions and justification for the advances. 
Boiler tube metallurgical difficulties have been re- 
sponsible for reduced availability of many units 
operating at advanced pressures and temperatures. 
Under current technology, unit reliability is pri- 
marily related to the boiler and its auxiliaries, par- 
ticularly the boiler tubing, and it is in this area that 
improvement must be made. 

Investment costs per kilowatt are normally ex- 
pected to decrease with increasing unit size, but, in 
addition to inflation, the demands of the middle 
1960’s for cleaner air, reduced thermal discharges 
to streams and lakes, and aesthetics, are absorbing 
the dollars saved by building larger facilities. Higher 
stacks, better precipitators, sulfur dioxide collec- 
tion processes, cooling towers, and better architec- 
ture and landscaping where necessary, all add to the 
cost of any size unit. However, size helps to hold the 


line on total cost per kilowatt. As explained in the 
preceding chapter, fuel costs for coal and oil with 
reduced sulfur content are increasing now, as are 
some freight rates along the east coast. Disposal of 
ashes continues to be a problem as coal quality de- 
teriorates and less desirable reserves are tapped. Ef- 
forts are under way by the coal, cement, and 
utility industries to develop and further the use of 
flyash in various ways to help with this mounting 
disposal problem. 

Power production costs have historically de- 
creased with time as improvements were made to 
the thermal efficiencies of plants, and as unit sizes 
increased; these efficiencies have now reached a 
point where possible gains are much smaller for 
conventional units. Also, the prices of labor, main- 
tenance, and fuel continue to rise. All of this will 
tend to reverse the production cost trend. At best, 
it now appears that this cost will gradually level 
off unless a new breakthrough in the basic method 
of power production occurs. 

The demand for turbine generators, boilers and 
reactors has become so heavy in recent years, that 
lead time from placing of orders to commercial 
operation has stretched to seven years in the case 
of nuclear steam turbines, and to at least five years 
for conventional turbines and boilers. While this 
is hopefully a short-ranged problem, it cannot be en- 
tirely disregarded for long-range studies and there- 
fore project planning must be advanced to accom- 
modate these conditions. Construction planning 
methods are becoming more sophisticated to hold 
this period to minimum time limits, with more pre- 
cise shipping schedules for materials and compo- 
nents to minimize construction delays. 


Nuclear Development 


The domestic-nuclear power program continues 
to be broad in that there still is much required in 
research and development, design, construction, 
and operation of many types and sizes of nuclear 
reactors. Experience must still be obtained from 
the operation of many types under development to 
demonstrate their capital and operating costs, de- 
pendability, and flexibility. However, operating ex- 
perience gained from the continued operation of 
the Dresden, Yankee, and Indian Point No. 1 nu- 
clear units plus that from recent startup and pre- 
liminary operation of Connecticut Yankee has 
confirmed the earlier confidence in the reliability, 
dependability, and flexibility of the water-moderated 
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and cooled reactor variety. Thus, while nuclear 
research and developments may demonstrate the 
advantages and importance of other types, the pro- 
jections presented in this report are based primarily 
on reactors of the PWR and BWR types until the 
mid 1980’s when it has been assumed fast breeder 
prototypes will have successfully demonstrated the 
advantages and operating acceptability of such a 
type. 
Operating Experience 

Considering the fact that the plants are of the 
first generation, the power generating records at 
the Yankee and Indian Point nuclear units have 
been good. The cumulative gross generation from 
the first full year of commercial service in mega- 
watt-hours, is 6,750,000 for Yankee and 5,605,000 
for Indian Point, for average gross plant factors of 
69 and 47 percent over their respective operating 
periods, based on current capacity ratings. The per- 
formance of the two reactors has demonstrated the 
dependability of this type for a nuclear steam supply 
source. 

Operating experience from Connecticut Yankee 
and Peach Bottom No. 1, the only. units coming 
into service in Region I since the 1964 report, while 
satisfactory, is of so short duration that reporting 
in detail has not been thought desirable. 


Size 

Capital cost differential against nuclear units as 
compared to fossil-fuel units has continued. How- 
ever, this differential has decreased significantly 
with increase in unit size and should also be further 
decreased as air pollution abatement receives more 
attention. 

With the concept of field fabrication of reactor 
vessels an accepted fact, the transport limit on size 
will have been eliminated. As a result, reactor units 
of 2500 Mw capability are conceivable by the late 
1980’s. However, for the purpose of this study, a 
size limit of 2000 Mw has been assumed as a prac- 
tical objective and good match for transmission. 

It has been assumed that engineered safeguards 
will be so thoroughly demonstrated by the mid to 
late 1970's, that urban siting will be quite acceptable 
However, no assumption has been made that con- 
tainment or engineered safeguards will be relaxed. 


Nuclear Power Economics 


The study estimates of the unit capital costs of 
large single reactor plants, assuming construction is 


initiated early in 1967 and completed by 1972, are 
shown on Figure 10. It is to be understood that 
extrapolation to the larger-sized light-water moder- 
ated and all fast-breeder reactors depict greater 
probable error as these units not only are yet to be 
designed, but they will have their beginning in the 
decade 1980-1990. 

Nuclear fuel costs based in the price level antici- 
pated for 1972 operation are shown on Figure 11 
for a light-water moderated reactor, and on Figure 
12 for a fast breeder. The costs depicted by these 
curves excludes fixed charges and fuel inventory. 


Growth of Nuclear Power 


The presently installed nuclear power capability 
in Region I is approximately one thousand mega- 
watts or about 2 percent of the total electrical capa- 
bility. However, there is under construction 3,400 
megawatts and on order over 12,500 megawatts 
with in-service dates through early 1974. Presently, 
there are four major suppliers of nuclear steam sys- 
tems competing for the electrical generating busi- 
ness, and these augmented by competent field 
fabrication of large pressure vessels contribute ma- 
terially to the nuclear power growth for Region I. 
This growth rate is such that by the early 1970's 
nuclear power may be accounting for about seventy 
percent of the capacity being installed. It is probable 
fossil capacity additions will be continued, to a lim- 
ited degree, through 1990 in the coal producing 
areas and the remainder of the nonnuclear capacity 
installed will consist of developable hydro, quick 
start thermal peaking, and large blocks of pumped 
storage. These plants will complement the nuclear 
generation by improving capacity factor operation, 
thus improving overall performance of the nuclear 
plants. By 1990, the nuclear capability of the Region 
may be over 100,000 megawatts with 25 percent 
of this capability in fast-breeder reactors and the 
remainder in the water-moderated and water-cooled 
variety. 

There is a possibility that other thermal reactors 
may prove competitive in the period under study. 
One such is the high temperature gas-cooled reactor 
under development by General Atomic as incor- 
porated in the 40 Mw Peach Bottom No. 1 unit 
recently placed in service, and the 330 Mw Fort 
Saint Vrain (Colorado) plant now in design. Fav- 
orable results from this advanced converter concept 
could stimulate sufficient interest to result in some 
capacity additions of this type in Region I. 
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COST - DOLLARS PER KW 


ESTIMATED CAPITAL INVESTMENT FOR 
NUCLEAR PLANTS 


180 
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MAXIMUM CAPABILITY - MW 


NOTE: COST OF LANDS AND SWITCHYARD EXCLUDED. 
INTEREST DURING CONSTRUCTION INCLUDED. 
ESTIMATES BASED ON FIRST QUARTER 1967 
STUDIES OF COSTS THEN EXPECTED, FOR 
PROJECT TO BE COMPLETED IN 1972, 


IN THE PERIOD SINCE THE CHART WAS 
PRODUCED (JANUARY 1, 1968) COSTS HAVE 
BEEN RISING SHARPLY: CONSIDER THIS FACT 
WHEN REFERRING TO CHART, 


Figure 10 
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FUEL COST - MILLS/KWH 


1,35 


1.30 


1,00 


LIGHT-WATER MODERATED REACTOR FUEL COST 
FOR A 1000 MW UNIT 


(EXCLUDES FIXED CHARGES ON FUEL INVENTORY) 


*YEAR OF INITIAL OPERATION 


YEARS IN SERVICE 
Figure 11 
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FUEL COST - MILLS/KWH 


FAST BREEDER REACTOR FUEL COST 
(EXCLUDES FIXED CHARGES ON FUEL INVENTORY) 
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Figure 12 
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Fusion (Nuclear) or Thermonuclear Power 


It has been assumed that useful power from fusion 
will not be achieved during the period under review. 


Conclusions With Respect To Nuclear Power 


In this study, the emphasis has remained on the 
proven water-moderated and water-cooled reactors 
for additions to system capacity through 1980. How- 
ever, development of other types have continued. In 
the decade 1980-1990, emphasis will shift to the 
fast breeder reactor type. 

Based on projection for nuclear power costs for 
the larger unit sizes, expected continued favorable 
operating experience, and the advantages of the 
nuclear steam supply system over fossil plants from 
the air pollution and aesthetic standpoints, the 
major portion of new thermal generation to be pro- 
vided will be nuclear. 

Operating experience with the Peach Bottom 40 
Mw gas cooled convertor-type reactor had been de- 
layed due to difficulties during the construction 
phase. However, several months experience has been 
encouraging and it is possible additional capacity of 
this type may be planned about the mid point of 
the study period. 

As in the 1964 Report it appears that the fast 
breeder reactor has great potential, and that its 
development by early 1980’s is essential to make 
available the full potential of the nuclear fuel. In 
this study it has been assumed that such develop- 
ment will be successfully accomplished and large 
fast breeder reactors will be in operation in the mid 
1980’s. In October 1967 the GPU system took a step 
in this direction. At that time Pennsylvania Electric 
Company entered into an agreement with Atomics 
International to participate in a research and de- 
velopment program looking towards a possible deci- 
sion by 1970 to install a 350 to 500 megawatt 
sodium-cooled fast breeder reactor. 

Hopefully, proven safety and public acceptance 
of nuclear plants will permit urban siting by the 
mid to late 1970’s. 


Hydroelectric and Peaking Generation 
Characteristics of Generation for Peak Loads 


Generation for peak loads differs from other 
generation only in that it is required to operate dis- 
continuously and for relatively short periods. This 
requirement can be met by most types of generat- 
ing facilities, with the exception that serious operat- 
ing difficulties are encountered when the load on 


high-pressure, high-temperature steam turbines is 
varied rapidly. Consequently, the choice of facilities 
to carry the peak of the load is wide, and should be 
governed by overall system economics rather than 
by the specific suitability of particular forms of 
generation. 

The need to operate for short periods provides 
an opportunity for cost savings. These savings may 
be accomplished by sacrificing fuel economy to 
effect a reduction in investment (as in the case of 
gas turbines, diesels, and peaking steam units) or by 
providing an energy supply which is adequate only 
to operate the plant during its limited hours of re- 
quired use (as in pumped storage and peaking 
hydro). General methods of balancing these off- 
setting factors, to select the optimum combination 
of facilities, are discussed in a later section of this 
report. Because the balancing process is sensitive to 
small changes in construction costs, site features, 
fuel costs, load size and variability, and to the 
characteristics of the transmission and other generat- 
ing facilities in the system, generalizations concern- 
ing proportions of the various types of peaking 
generation are, at best, only educated guesses. The 
total peaking requirement can, however, be reason- 
ably well determined from the shape of the load 
curve (see Chapter I). The available conventional 
hydro capacity is generally fitted into the load curve 
to make the best use of the water supply that is 
available at any particular time, so a hydro plant 
may be used for base load generation when water 
is abundant, and for peaking at other times. Peaking 
requirements that cannot be met by conventional 
hydro are provided for by using pumped storage, 
peaking steam, gas turbines, diesels, or other equip- 
ment in the ascending order of their costs of produc- 
tion at the time of peak. The mix may vary rather 
significantly from day to day, month to month, and 
year to year. : 

The rate at which the various types of peaking 
capacity will be added to systems in the Northeast 
defies precise advance determination. It can be 
presumed, however, that where physical sites for 
economical pumped storage are available, and so 
long as relatively low-cost energy for pumping can 
be provided by essentially base-load equipment, 
pumped-storage will constitute a major portion of 
the peaking equipment addition. It can also be 
presumed that some additional diesel and gas- 
turbine units will be acquired because of their ad- 
vantages for peaking and for providing at-site run- 
down and start-up power for the large base-load 
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plants of the future. The use of cycling steam units 
may be less widespread, but some utilities will find 
peaking steam units to be advantageous. Speaking 
very broadly, peaking equipment will probably pro- 
vide 15 to 20 percent of the total generation capac- 
ity between 1970 and 1990, with hydro providing 
about half of the peaking capacity and fueled units 
providing the other half. 


Conventional Hydroelectric Power 


Conventional hydro, distinguished from pumped 
storage currently accounts for about one-eighth of 
all the electrical generating capacity in the North- 
east Region and this proportion is declining as the 
remaining available sites become developed and 
other types of generation are expanded. Conven- 
tional hydro may be used for either peaking or base 
load generation, depending on plant design, system 
requirements and prevailing conditions of water 
supply. 

Existing hydroelectric developments in the North- 
east are of three general types. One is the “cascade” 
type, in which a long reach of a river is developed by 
a series of dams with essentially level pools between 
them, Examples of cascade developments exist on 
the Kennebec, Racquette, Connecticut and lower 
Susquehanna Rivers. The rivers may or may not 
have controllable storage to regulate the stream flow 
during the greater part of the year. During periods 
of high runoff, the available storage may have a 
flood control effect. A second type is found on the 
Niagara and St. Lawrence Rivers where plants 
utilize the enormous natural storage of the Great 
Lakes. The third type includes separate projects 
with integral storage that generally operate partly 
as base load and partly as peaking plants. They can, 
and usually do, produce substantial quantities of 
energy beyond those required to support their firm 
capacities during some seasons of the year. 

The advantages of hydroelectric power are well 
known and include: high availability; quick start- 
ing and flexible operation; absence of pollution; 
and predictable and relatively low maintenance 
and operating expenses, due, in large part, to the 
absence of any cost for fuel. The disadvantages 
usually include: high capital costs; remote loca- 
tions, often far from centers of demand, with con- 
sequent expenses for long distance transmission 
lines; dependence on variable stream flows and 
other natural factors beyond the control of man; 
and operating restrictions imposed by competitive 
water uses which may override power generation. 


The capital cost to develop hydroelectric power 
in a conventional plant with gated intakes, massive 
river control works, and other expensive features 
varies widely, but generally is the highest of any 
form of power generation, These costs depend, 
among other things, on the nature of the site, the 
type of structure contemplated, and the extent of re- 
locations necessitated by the project. Since most of 
the good sites have already been occupied, the cost 
of new conventional hydro development in the 
Northeast Region may be in excess of that for avail- 
able alternatives. Public development of the best of 
the remaining potentials is proposed by some ad- 
vocates to permit lower costs to the power consum- 
ers in the area, and to make the fuller use of the 
Region’s hydro resources. Redevelopment of exist- 
ing sites, to provide additional or more efficient ca- 
pacity, is a possibility. Such redevelopment at cer- 
tain plants on the Susquehanna and Kennebec 
Rivers is under active consideration, as noted in 
Appendix A. Such plans are intended to obtain 
optimum service from the nation’s hydro resources. 

Appendix A also shows a substantial number of 
undeveloped sites, having a potential of 50 Mw 
or more. Inclusion in Appendix A is no implication 
of economic merit. The reservoir areas of some of 
the sites so included have become so occupied with 
other developments that construction of the hydro- 
electric plant is unlikely. However, there are limited 
possibilities for development of conventional hydro 
as a part of comprehensive reservoir projects, and 
as an adjunct to pumped storage. Such potential will 
be developed to the extent practicable to obtain 
maximum use of the available water resources. 

There are no Federal hydroelectric plants in 
the Northeast but the Congress has authorized power 
developments at the Tocks Island and Dickey-Lin- 
coln School projects. The proposed conventional 
power installation at the Tocks Island reservoir 
project on the Delaware River would have a ca- 
pacity of about 70 Mw. However, a non-Federal 
pumped storage development has been proposed 
which would pump water from Tocks Island reser- 
voir to a reservoir on Kittatinny Mountain and 
discharge either above or below Tocks Island dam. 
If this scheme of development is adopted the plan 
for a conventional power installation may be 
abandoned. 

The Dickey-Lincoln School project would be on 
the Saint John River in Maine. The Corps of Engi- 
neers, in Fiscal years 1966 and 1967, spent nearly $2 
million on plans for this project but the Corigress did 
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not appropriate additional planning funds for use 
in either fiscal year 1968 or 1969. This develop- 
ment would have an installed capacity of 830 mega- 
watts, capable of producing an average of 1,154 
million killowatt-hours annually. 

Appendix A contains an inventory of existing 
conventional hydro plants in the Northeast Re- 
gion. That appendix shows that, of the 5,890 Mw 
of conventional hydroelectric capacity in 281 plants 
in the region, 33 percent is located on the Niagara 
River, 15.5 percent on the St. Lawrence, 14.8 per- 
cent on the Susquehanna, and 8 percent on the 
Connecticut. The distribution by states is New 
York—63 percent, Maryland—9 percent, Pennsyl- 
vania and New Hampshire—7 percent each, 
Maine—6 percent, Vermont and Massachusetts— 
3 percent each, and Connecticut—2 percent. 


Pumped Storage 


Pumped storage capacity is becoming an im- 
portant source of peaking capacity in the Northeast 
Region. In 1963, only two pumped storage plants, 
Rocky River (31 Mw)? and Lewiston (240 Mw) 
were in operation. Since that date, Yards Creek 
(338 Mw) and Muddy Run (800 Mw) have been 
placed in operation. The latter is the largest pumped 
storage plant in the United States. Two projects, 
Seneca (330 Mw) and Northfield Mountain (1,000 
Mw), are under construction. Capacity operating 
and under construction totals 2,715 megawatts. 
Four license applications, Cornwall (2,000 Mw), 
Longwood Valley (135 Mw), Bear Swamp (600 
Mw), and Blenheim-Gilboa (1,000 Mw), are pend- 
ing before the Federal Power Commission. One 
application, Kittatinny Mountain (1,300 Mw) is 
pending before the Delaware River Basin Com- 
mission. The five projects for which applications are 
pending would add 5,035 megawatts of new ca- 
pacity. The Northeast Region is fortunate in having 
a large number of sites suitable for pumped storage 
plants. Many additional sites have been identi- 
fied and some are being studied for possible 
development. 

Existing pumped storage capacity in this region 
is largely concentrated in New Jersey and eastern 


*See also Federal Power Commission publication 
“Hydroelectric Power Resources of the United States— 
Developed and Undeveloped”. 

? Plant includes a 24-megawatt conventional unit and 
two 3.5-megawatt reversible units. About half of the water 
supply for all generation is pumped, on a seasonal basis. 


Pennsylvania, where there also is a heavy com- 
mitment to construction of nuclear plants. Nuclear 
and pumped storage combinations are currently 
being studied for development on a large scale 
throughout the Region. 

Pumped storage plants have been compared with 
storage batteries and other kinds of energy ac- 
cumulators. The comparison stems from the way 
the plants operate, as indicated by the following 
description of typical pumped storage operating 
routine: The pumped storage plant uses energy 
generated in steam electric plants during night time 
hours, or other low demands periods, to pump water 
into a high reservoir, where it is retained tem- 
porarily. At some later time, during periods of high 
demand, the stored water is released to produce 
hydroelectric power as it falls back to its original 
elevation. Due to unavoidable losses in the cycle, 
pumped storage plants actually consume about three 
kilowatt hours of thermal energy to lift the quantity 
of water which eventually will generate about two 
kilowatt hours of hydroelectric energy. The disad- 
vantage with respect to energy is more than offset 
by low investment cost and other desirable charac- 
teristics which have made pumped storage attrac- 
tive to utilities in the Northeast Region. 

A pumped storage plant, even with a very high 
head, generally has the same favorable operating 
characteristics as a conventional hydroelectric 
plant—rapid start-up and loading, long life, low 
operating and maintenance costs, and low outage 
rates. By pumping in the offpeak hours, the plant 
factor of the thermal units is improved, thus re- 
ducing severe cycling of these units and improving 
their efficiency and durability. No additional capital 
investment is required to produce the pumping 
energy, so, in effect, the only significant cost of such 
energy is for the fuel consumed. Elements of the 
public have objected, with considerable effect, to 
the siting of certain pumped storage works and, 
particularly, to the appearance of associated trans- 
mission lines. Similar objections will undoubtedly 
be voiced for other pumped storage developments. 

Meeting aesthetics requirements will increase the 
cost of pumped storage, although it is unlikely that 
these considerations will control the economic feasi- 
bility of well-conceived projects. Aesthetic consid- 
erations are major factors that must today be taken 
into consideration in planning any type of genera- 
tion or transmission. 

Since 1963, an analysis of recreational potentials, 
and the inclusion of a plan for recreational develop- 
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ment where opportunities exist, have been man- 
datory for all hydroelectric projects to be licensed by 
the FPC. In addition, there are many cases where 
water power developments, including pumped stor- 
age, have been studied as part of regional recrea- 
tional and water resources development plans. 
Pumped storage project reservoirs are not generally 
well adapted to recreation development because of 
the rapid fill and drawdown cycles that make them 
both unattractive and in some cases dangerous. 
This is particularly true of the upper reservoirs that 
usually have relatively small capacities, and fluc- 
tuate from near-empty to full. Even so, the pumped 
storage projects can provide a focal point for recrea- 
tional development with park areas, trails, overlooks 
and other facilities provided as integral parts of the 
project. The Northfield Mountain project now 
under construction in Massachusetts is a good ex- 
ample. At the Muddy Run project in Pennsylvania 
the upper reservoir has a controlled section where a 
near-constant water level will be maintained for 
fishing and other recreational use. 

Several pumped storage projects planned for the 
Northeast include functions other than power and 
recreation. Both the Northfield Mountain project 
and the Yards Creek project in New Jersey will 
pump water across river basin divides, for delivery 
to municipal water supply storage systems. The 
Longwood Valley project in New Jersey will also 
provide joint storage for municipal water supply and 
power. 

Water power projects contribute substantially to 
recreation and conservation, but the limitation of 
power in respect to the other features of a project 
must be recognized. Water power generation causes 
water level fluctuations, even in large reservoirs, and 
unduly restrictive limitations on plant operation 
may jeopardize the feasibility of a power project. 
Users of the many-purpose developments must 
tolerate a certain amount of aesthetic discord be- 
tween the natural landscape and power generating 
and transmission works. If the power plant and the 
transmission lines must be buried underground, 
then the capital cost of the works must be increased, 
and the power from the plant becomes less com- 
petitive with other sources of generation. Indeed, 
under present technology and costs the general feasi- 
bility of any project could be jeopardized by in- 
sistence that the project area be entirely free of 
visible transmission lines. The addition of recrea- 
tional or other non-power features also increases 


project costs, without providing any additional 
revenues. 

Appendix A includes an inventory of undeveloped 
pumped storage sites. It includes projects under 
construction and those projects for which license 
applications have been filed. As in the case of the 
unconstructed conventional hydro plants, inclusion 
in this appendix does not necessarily indicate the 
potential project is economical. 

Because of the lack of engineering details and 
other factors, it is not possible to evaluate the 
feasibility of, nor provide accurate estimates of cost 
for developing the potential sites. As an example, 
in built-up, developed areas, the question of acquir- 
ing rights to fluctuate the levels of any existing body 
of water required as a lower reservoir is so compli- 
cated as to require detailed studies, having in mind 
that excessive costs would eliminate many excellent 
sites from further consideration. The listed 
potentials have been selected from a much larger 
group, and show what are the more desirable sites 
which might fall into a favorable cost range. 

The 69 undeveloped sites listed in Appendix A 
could provide an aggregate capacity of about 54,000 
megawatts. The sites are reasonably well distributed 
throughout the Region. The 25 sites listed in New 
England states could provide 22,000 megawatts of 
capacity; the 20 sites in New York could develop 
about 15,000 megawatts; and Pennsylvania, New 
Jersey and Maryland could provide about 17,000 
megawatts at the 22 sites listed in that area. 

The existing pumped storage plants in the Region 
are also tabulated in Appendix A. 


Gas Turbines 


The gas turbine-generator unit has demonstrated 
its suitability as a source of economical peaking and 
emergency power. It is low in first cost, quick start- 
ing, offers wide choice of site locations, and is readily 
automated. 

Plants with single prime movers of the simple 
open-cycle type are available in ratings up to about 
50 megawatts. These plants are pre-engineered and 
pre-packaged to minimize field labor, Units of about 
10 Mw capacity are shipped assembled, but larger 
ones are erected in the field on concrete slab founda- 
tions. Typically, plants are furnished with a self-con- 
tained cooling system, and weatherproofed housings, 
and include provision for self-contained starting and 
remotely controlled unattended operation. 
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Gas turbine units with mulitple prime movers 
driving single generators are now being offered by 
manufacturers. One design employs several jet 
engines equally divided on either end of the cen- 
trally located generator. More than ten of this type 
unit, some rated up to 160 Mw, have been ordered 
by several utilities. One such unit, rated at 140 Mw, 
has been operating since 1965. Other designs using 
different arrangements of multiple prime movers 
driving single generators are also available and in 
service. 

Gas turbine installations are relatively low in 
capital costs, ranging generally from $80 to $125 
per kilowatt installed, depending upon type and 
size. The low cost results from the compact, pre- 
engineered factory packaged design, with a mini- 
mum number of station auxiliaries, little or no 
water requirements and low foundation, building 
and installation costs. 

Units can be remotely started, synchronized, and 
fully loaded in 2 to 20 minutes, depending on size 
and type. This feature provides significant start-up, 
stand-by and manpower savings that must be con- 
sidered when these units are compared to alternative 
forms of peaking capacity. 

Gas turbines, because of low investment cost and 
flexibility in location, are adaptable to a variety of 
peaking uses. These include stand-by reserve capac- 
ity, peaking capacity and capacity supply in ex- 
tended areas of a system when also needed for 
protection and to assure satisfactory voltage at times 
of maximum peak demand. An additional applica- 
tion has arisen following the 1965 Northeast black- 
out, namely the installation of gas turbine-generator 
units as cranking units for black start-up of steam 
power plants. The smaller size, 20 Mw or less, gas 
turbines provide system flexibility because they may 
be moved from one part of a system to another part, 
at relatively low cost. 

Today’s gas turbines have low thermal efficiencies, 
requiring 13,000 to 15,000 Btu per kilowatt-hour 
of generation. They are limited to burning high- 
grade liquid fuels or gas, which are costly in many 
areas. As a result, energy costs are high. In most 
cases, the use of gas turbines is limited to annual 
plant factors not exceeding 5 to 10 percent, Part 
load heat rates are poor, half load being in the order 
of 18,000 to 20,000 Btu/kwhr. 

Prospects are good, however, for advances that 
will make gas turbines more useful in the future. 
Work is being done with a view to developing a coal- 
burning turbine. The problems of fly-ash erosion 


of turbine blades is still unsolved but effort con- 
tinues to be devoted to this difficulty. Gas turbines 
are under development having improved aero- 
dynamic design and employing higher gas tempera- 
tures (made possible in part, by internal cooling of 
turbine blades) which would result in heat rates 
of 10,000 Btu to 12,000 Btu/kwhr, and there are 
advanced cycle concepts which promise 9,000 to 
10,000 Btu/kwh. The capability of a gas turbine de- 
creases with decreasing density of its free air supply, 
so that its rating is influenced by the site altitude and 
ambient air temperature. The reduction in capacity 
with higher air temperatures may be a disadvantage 
for systems having summer peaks. Conversely, the in- 
creased capacity at low temperature may benefit 
winter peaking operations. 

Noise is a consideration which may preclude gas 
turbine plants at certain locations, however, with 
appropriate attention given to proper sound treat- 
ment equipment, gas turbines can be located in resi- 
dential areas. 


Diesels For Peaking 


Diesel engines have been used for peaking on 
power systems for many years. The renewed in- 
terest in this type of peaking capacity has resulted 
primarily from the recent development of low cost, 
packaged, automatically operated, unattended diesel 
units. Diesel units, while available in capacities up 
to 6 Mw, are usually manufactured in ratings of 
about 2 Mw and are frequently combined in mul- 
tiples to provide plants of up to approximately 10 
Mw capacity. Straight diesel, supercharged diesel, 
or dual-fuel engines are available. A single engine 
and generator are usually mounted on a structural 
steel base and enclosed in a sound suppressing and 
weatherproof housing, together with lubricating and 
cooling equipment, and other accessories. Auto- 
matic control equipment can be included in this 
enclosure, or in a separate control cubicle. Plants 
with multiple units often have all controls mounted — 
in a single cubicle. These package units can be 
shipped on freight cars or trucks to the site and in- 
stalled outdoors, requiring very little foundation 
work. 

Many of the operating and economic features of 
the diesel peaking unit are similar to those char- 
acteristic of the gas turbine, but there are signifi- 
cant differences. The capital cost of larger diesel 
installation is about $100 per kilowatt and the heat 
rate is about 10,000 to 12,000 Btu per kilowatt- 
hour. Diesel units have the ability to accept full 
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load from cold start-up within 60 to 90 seconds. 
They are well suited to part-load operation and can 
furnish spinning reserve service. They also can be 
used for cranking and restarting steam power plants. 
In the colder climates, energy from an outside source 
is required to keep the unit warm for quick start- 
ing. This is particularly necessary for units at remote 
locations. 

On major power systems diesels are not widely 
used for peaking capacity, since available sizes are 
too small. They are sometimes installed for the pri- 
mary purpose of deferring investment in transmis- 
sion facilities, or to provide load protection and to 
assure satisfactory voltage at times of maximum 
peak demand. 

Since these units can be readily and cheaply 
moved, they could serve this purpose in many dif- 
ferent locations on a system over a period of years. 
Such applications would ordinarily be expected in 
areas of relatively low load density and growth rate. 

Appendix C provides data on existing and com- 
mitted gas turbine and internal combustion peaking 
units in the region. 


Steam-Electric Peaking 


There are two basic approaches to providing 
steam peaking capabilities, namely: 

1. Steam peaking capacity incorporated as an in- 
tegral part of base units. 

2. Steam units designed specifically for peaking 
service. 


Steam Peaking Capacity Integral With 
Base Load Units 


Past experience in carrying higher loads on older 
units has resulted in some systems incorporating 
many peaking features in the design and operation 
of new units. Such incorporation requires detailed 
design care at critical points, and the installation 
of instrumentation, measuring points, and other ob- 
servations by which the overload effects can be eval- 
uated. Generally, efficiency and capacity tests are 
made at the time of initial installation to be used 
as a base for evaluating subsequent operating prac- 
tices. Peaking features typically permit carrying 
short time peak loads 10 to 20 percent above con- 
tinuous unit rating with a resultant loss of efficiency. 
This additional capacity can be achieved for ap- 
proximately $35 to $55 per kilowatt, with an in- 
crease of heat rate of about 20 percent. 


356-239 O- 71-5 


Typical devices, designs, or arrangements for ob- 
taining low cost peaking capacity in new steam 
units are as follows: 

1. By-passing high pressure feedwater heaters. 

The high pressure heater, or heaters, can 
be cut out of service, or by-passed, at peak 
load times, with a resultant lower extraction 
of steam and lower efficiency, but higher 
flow of steam to the condenser. This pro- 
cedure requires special boiler design to give 
wider range steam temperature control. 

2. Feedwater heating. 

In those cases where the furnace is not 
capable of more fuel burn to make up for 
cooler boiler feedwater, the feedwater heat- 
ing may be obtained from an outside source. 

3. Lower steam temperature. 

A temporary reduction in steam tempera- 
ture will permit the same piping and turbine 
parts to carry higher steam pressures. These 
two changes permit an increase in the steam 
flow and hence greater capacity. This pro- 
cedure also requires special boiler design to 
obtain wider steam temperature control 
range. 

4, Spray into reheater. 

Adding excess spray attemperating water 
into the reheater steam flow, combined with 
combustion controls for increasing the re- 
heat temperature results in an increase in 
reheat steam flow and the flow through 
lower pressure stages of the turbine. This 
procedure necessitates added boiler-furnace 
capacity and possibly a larger condenser. 

5. Overpressure. 

Since this procedure does not result in 
efficiency loss, it is frequently adopted for 
regular continuous use and is mentioned here 
for information only. It is based on design 
of most boilers and turbines, for operation 
at 5 percent above rated steam pressure with 
proportionate increase in capacity. 


Steam Units Designed Specifically for 
Peaking Service 


With a great percentage of all steam-turbine gen- 
erator equipment on order in the size range of 500— 
1000 Mw and substantial amounts of limited energy 
peaking installation, the stage is set for considera- 
tion of larger size low capital cost capacity suitable 
for peaking or long-hour emergency service. At the 
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present stage of technology steam turbine units are 
definite contenders to satisfy this requirement. 

Basically, steam peaking units are stripped down 
versions of relatively standard design units. Capital 
costs of these units range from approximately $70/ 
Kw to $120/Kw with heat rates of approximately 
10,000 to 11,000 Btu/Kwh. Some of the areas in 
which capital-cost savings might be achieved are as 
follows: 

1. Reduction of steam temperature to the 950° 
(or lower) level. 

2. The use of oil-firing instead of pulverized 
coal. 

3. Elimination of regenerative feedwater heat- 
ing, except possibly for the deaerator. 

4, Omission of conventional gas-to-air pre- 
heaters with associated duct work. 

5. Reduction in the duplication of station 
auxiliaries. 

6. Minimizing of automated controls. 

7. Installation of an outdoor unit, or one with 
minimum cost weatherproof enclosure. 

Steam peaking should not necessarily be thought 
of as a substitute for quick-start units but as a com- 
plement. For example, steam peaking cannot be 
started as rapidly as hydro or gas turbines, and it 
is almost certain that a steam unit having been 
put on the line to handle an anticipated peak load 
will not be shut down as soon as a gas turbine. In 
fact, it frequently would be kept on hot bank, re- 
maining at pressure until the peak of the next day. 
Thus steam peaking units will most likely be eco- 
nomically justified as “semi-peaking” units designed 
to operate 500 to 2000 hours per year, and without 
the capability of rapid starting. 

Appendix A lists the existing steam-electric base 
load units which, by modified operation, can pro- 
vide a peaking increment, and also describes the 
three steam-electric units intended specifically for 
peaking use. 


Evaluation of Peaking Capacity 

When the growth of system load or the retirement 
of obsolete capacity makes it necessary to obtain 
new sources of generation, a selection must be 
made from among the various available alternatives, 
Such alternatives, in a general study, include plants 
of various types and sizes, so selected that the study 
will yield an optimum combination of base-load, 
peaking, and semi-peaking units. In a more specific 
study, the alternatives may be particular generating 
additions. Regardless of the type of alternatives, 


the procedure for their evaluation (that is, for a 
selection from among them) is fundamentally 
identical. 

The choice of different alternatives results in 
differences in investment costs and in production 
costs. In general, facilities involving high investment 
costs per kw result in low production costs per 
kwh, and vice versa. The general procedure there- 
fore consists in balancing the investment cost against 
the production cost, taking into account other bene- 
fits and costs, the anticipated operation of the pro- 
posed facilities, and the effect thereof on the entire 
system. 

The procedure involves comparisons, in four 
steps, of the annual costs for a number of future 
years, of owning and operating several entire sys- 
tems, each of which would serve the same, growing 
load and none of which would permit its varying 
factor of safety in meeting its load to fall below a 
certain minimum. Each such system would include 
the existing facilities less retirements, one of the 
alternatives to be evaluated, and a series of sub- 
sequent generating additions to meet subsequent 
load growth which would be sufficiently identical 
so that differences in the various systems could be 
ascribed to the alternatives being evaluated and not 
to the subsequent additions. The four steps (which 
are facilitated by digital computer programs) are: 

1. A statistical examination of system loads, 
in which the characteristics which will af- 
fect the choice of alternatives are deter- 
mined. The resulting load shapes must be 
considered both seasonally and over a period 
of one or more consecutive days. 

2. The determination of reserve requirements, 
in which the data obtained from the first 
step are combined with growth forecasts, 
forced and scheduled outages, energy limi- 
tations both of the proposed generating 
additions and of existing facilities, and other 
factors. This determination yields the size 
of each type or combination of types of 
generating additions needed to meet some 
agreed-upon criterion for reliability in meet- 
ing system loads. This procedure is accom- 
plished by simulating or otherwise modelling 
operation during critical capacity situations. 

3. The computation of the annual cost of op- 
erating each of the complete systems deter- 
mined by the second step. This computation 
consists of a simulation of economic dispatch © 
during normal operating conditions. The 
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dispatch procedure must recognize incre- 
mental cost curves, boiler banking and 
startup costs, hydro and pumped storage 
generation limiting factors, transmission 
penalty factors, varying fuel costs, variable 
operation and maintenance costs, area pro- 
tection requirements and spinning reserve 
requirements. 

4. The determination of the cost of owning 
the capital additions determined by the 
second step. This includes fixed operation 
and maintenance costs as well as return, 
taxes, depreciation, etc. 

In addition to the generating facilities, the alter- 
native programs of installation should include trans- 
mission facilities sufficient to connect all generation 
to the load in such a way that the risk of instability 
or of other transmission failure would be equal for 
all alternatives. 

Year-by-year cost comparisons can then be made 
of the total of the operating costs (step 3) and the 
owning costs (step 4), and their present worth de- 
termined, or levelized annual costs or their equiva- 
lent can be obtained and compared. A detailed dis- 
cussion of the items to be considered in the economic 
analysis is included in Chapter VI. The levelized 
cost has many advantages, but care must be taken 
that its generalized treatment of the time schedule 
does not obscure an alternative expansion program 
in which the recommended facilities are tempo- 
rarily deferred. 

The foregoing method requires the consideration 
of system loads and of other system facilities. 
Whether the system to be considered is that of a 
single company or agency, a pool, or some other 
entity, depends on other factors, but certain essen- 
tials must be recognized. First, all existing facil- 
ities plus facilities under construction or committed, 
must be taken into account, and appropriate de- 
rating must be charged against proposed facilities 
which by reason of limited energy supplies, must be 
operated in the load in conflict with existing limited- 
energy generation. Second, when systems are com- 
bined to gain the advantages of a larger load in 
which to operate peaking facilities with limited 
energy, the fact must be recognized that certain sites 
which eventually would be useful to one of the sepa- 
rate systems may be displaced by the facility to be 
proposed for operation on the combined system. 
Third, account must be taken of the offsetting in- 
crease in energy requirements of peaking plants 


serving combined rather than separate systems, due 
to the diversity between systems. 

Opinions differ as to whether all of the alter- 
natives must be considered to be financed under 
identical conditions, but there can be no dispute 
over the statement that, when financing differs, the 
economic evaluation becomes, to the extent of the 
difference, an evaluation of the method of financing 
and not of the alternative types of facilities. The 
claim has also been made that evaluations should be 
made on true economic costs rather than on finan- 
cial costs and that true discount rates for economic 
costs are related to the risks associated with the 
proposed development and are therefore independ- 
ent of the agency or financing device involved. 

The procedure described in preceding paragraphs 
is equally applicable to base-load, semipeaking and 
peaking capacity. If one alternative to peaking ca- 
pacity is a high-efficiency base-load addition to the 
system (and any evaluation of peaking capacity 
which ignores that alternative, except for one sit- 
uation to be discussed subsequently, is incomplete) , 
the procedure will take into account the penalty 
applicable to peaking capacity due to the foregone 
opportunity to install a base-load plant and thus to 
reduce system fuel costs. Offsetting advantages, such 
as reduction in the need for boiler banking, in- 
creased efficiency of older units due to more uni- 
form operation, etc., will likewise be considered, if 
the determination of the owning and operating costs 
for the various systems is done thoroughly. 

The single circumstance under which the inclu- 
sion of the high-efficiency alternative is inappro- 
priate is that of the system the existing facilities of 
which cannot readily and rapidly be varied in out- 
put. In such a system, the high-efficiency base-load 
unit could not be considered, and suitable alterna- 
tives would include peaking facilities plus a unit 
capable of base-load operation but in which effi- 
ciency would be sacrificed for cycling ability. 


Capacity Retirement Policy 


Most thermal plants are depreciated, for account- 
ing purposes, over a 35 to 45 year life, hydro plants 
over a 50 to 70 year life. As a practical matter, the 
end of economic life is reached when the out-of- 
pocket cost of obtaining the desired service from 
the old plant exceeds the system cost of providing the 
service from new facilities. The end of economic 
usefulness is usually reached when maintenance, 
operating, labor, and fuel costs (for fossil-fired 
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plants), and any taxes that could be avoided by 
dismantling the plant, become excessive. Noneco- 
nomic factors, such as effects on local public opin- 
ion, are also given consideration. The net result is 
that few utilities have an arbitrary policy for facility 
retirement. Each case is examined individually and 
a decision to retire a facility is based on a composite 
evaluation of economic and other factors. 

In the analysis for this report, it has been pre- 
sumed that a major portion of the fossil plants will 
be retired when they reach the 35 to 45 year age 
bracket. All of these retirements are expected to 
occur in the 1-400 megawatt size range. There will 
undoubtedly be some retirement of small hydro 
plants before 1990, but it has been assumed that 
these losses will be offset by increased installations 
at other existing hydro developments. 

The amount of the anticipated retirements, under 
these assumptions, are shown on Table 18, in Chap- 
ter Lx, 


Hydro Imports From Canada 

The portion of Canada that borders the North- 
east Region is served by three electrical systems op- 
erated, in east-to-west order by the New Bruns- 
wick Electric Power Commission, the Quebec 
Hydro-Electric Commission and the Hydro-Electric 
Power Commission of Ontario. The three systems 
can be loosely interconnected, but ties are normally 
open and the systems do not operate in parallel with 
each other. 

The New Brunswick and Ontario systems are 
interconnected with utilities in the United States, 
and the Ontario system normally operates in paral- 
lel with the U.S. systems. 

The export of Canadian power to the United 
States requires an export license. In recent years 
such licenses have not been granted for long terms, 
as was commonly done in the past. It is the general 
policy of the Canadian government that no licenses 
for the export of power be granted if a need for the 
power exists in Canada. The growth in power use 
in Canada during the last decade has exceeded that 
in the United States and this trend is expected to 
continue. These and other circumstances have led to 
seemingly insurmountable difficulties in recent at- 
tempts to arrange for importation of large blocks 
of Canadian power into the United States. Never- 
theless, negotiations and cooperative studies are con- 
tinuing as summarized in the following sections. 


New Brunswick Electric Power Commission 


Various studies are being conducted regarding the 
engineering and economic feasibility of a 345 Kv 
interconnection between New Brunswick and Maine 
which would link together the power pools of the 
Maritime provinces and New England. In addition 
to the normal interconnection benefits, there is sur- 
plus power available in substantial quantites from 
the Maritime pool prior to 1972 (primarily from the 
new Mactaquac hydro station of the New Bruns- 
wick Electric Power Commission on the St. John 
River). After 1972 this might be augmented by a 
strong tie between the systems of New Brunswick 
and Quebec Hydro in which Churchill Falls power 
could be a factor. 


Quebec Hydro-Electric Commission 


Hydro-Quebec founded in 1944, serves the entire 
Province of Quebec. It is one of the few electric 
utilities in the world to depend almost exclusively 
on hydroelectric generation. In addition, all but 
about 32 percent of its capability is located in re- 
mote areas. The Manicouagan and Outardes hydro- 
electric developments, which are currently being 
constructed, require three 735 Kv transmission lines, 
each of which will be more than 370 miles long to 
reach the load in the Montreal area. Churchill Falls, 
scheduled to be in service by 1972, is approximately 
800 miles from Montreal. Since the largest unit on 
the system is 150 Mw and the generation is pre- 
dominantly hydro, which has great reliability, 
Hydro-Quebec maintains a relatively small reserve 
of about five percent. Because of basic design dif- 
ferences between the Canadian and American sys- 
tems, the small reserve maintained by Hydro-Que- 
bec and the remote location of their generation, it is 
improbable that an AC interconnection between 
Hydro-Quebec and utilities in FPC Region 1 would 
be stable and reliable. 

While no common resource projects similar to 
Niagara and St. Lawrence in the East or the Co- 
lumbia River in the West are available between 
Quebec and the United States, a study was made 
in 1967 of the feasibility of establishing an inter- 
connection between New England and Hydro-Que- 
bec for the purpose of transporting a portion of the 
output of Churchill Falls. This study concluded 
that two asynchronous DC ties would be required 
to provide the necessary reliability and stability for 
this proposed sale. Negotiations were terminated 
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when Hydro-Quebec announced that they would 
require the entire output of Churchill Falls by 1975 
and it became obvious that a short-term sale to the 
U.S. would not economically justify the large cost 
of the interconnection. 

The Province of Quebec has large undeveloped 
hydroelectric resources along the great rivers flow- 
ing into James Bay, Ungava Bay, and the North 
Shore of the St. Lawrence east of Baie-Comeau. 
Studies are presently under way to determine the 
economic feasibility of these developments. Hydro- 
-Quebec, however, states that the demand for energy 
is such that the entire known hydroelectric potential 
of Quebec will not be sufficient to meet 1985 loads. 
This statement implies that purchases by the United 
States from these undeveloped sites would also have 
little chance of being long-term. 

While developments such as Manicouagan and 
Churchill Falls are spectacular, the high cost of 
transmission from such remote places has the effect 
of increasing the price of power, and the great length 
of the circuits tends to reduce dependability. For 
these reasons, and also because they stimulate the 
mining industry, thermal stations near the load cen- 
ters of Quebec are becoming increasingly attractive. 
Modern nuclear stations have become highly com- 
petitive and seem destined to provide most new base- 
load generation in Eastern Canada as hydraulic 
power becomes more scarce and expensive. Recent 
data have indicated that large nuclear stations are in 
fact second only to hydroelectric plants in economic 
efficiency. It would appear, therefore, that the devel- 
opment of remote hydro sites would not be as rapid 
in the future and that the present reserve on the 
Hydro-Quebec system will move to higher values as 
large nuclear units are built closer to the load. It 
may well be that by 1990, a large enough percentage 
of Hydro-Quebec’s generation will be located close 
to the load so that AC ties with the United States 
will become practical. 

There are two major advantages, however, in us- 
ing DC to interconnect two large dissimilar power 
systems. The first is the precise controllability of the 
power flow between the two systems. It can be 
scheduled in either direction and at any amount 
within the capability of the equipment. The other 
advantage is that unstable conditions in either of the 
power systems will not be reflected through the DC 
line into the other, At the present time, the cost of 
the conversion equipment at the terminal makes the 
use of DC uneconomic except for extremely long 
lines, even though the cost of the lines themselves 


are less expensive than AC. The use of static com- 
ponents and possibly breakthroughs in new equip- 
ment may make DC more economically acceptable 
for use in interconnections in the future. 

While the United States would have no real incen- 
tive to participate in Canadian nuclear units due to 
their distance from our load, and no long-term con- 
tracts for large blocks of hydroelectric power seem to 
be available, short-term sales, mutual backup and 
increased reliability, economic generation dispatch 
and the lowering of the cost of conversion equip- 
ment might make a DC interconnection between 
Hydro-Quebec and FPC Region 1 attractive at 
some point before 1990. 


Hydro-Electric Power Commission of Ontario 


Because of the nature of the Ontario, upstate New 
York, and Michigan systems, with large sources of 
generation interconnected by strong transmission 
links, and because of the extensive collaboration 
between Ontario Hydro and the Power Authority of 
the State of New York in the planning, construction, 
operation and maintenance of works of common in- 
terest, there exists a very important requirement for 
full coordination of planning, reliability concepts, 
application of protection and communication sys- 
tems and operating and maintenance procedures 
amongst those utilities which can have an impact 
on the reliability and economy of each other’s sys- 
tems. Recognizing this, Ontario Hydro participates 
fully in liaison and coordinating activities with in- 
terconnected utilities in the United States in matters 
of system design, load and capacity forecasts, capital 
construction programs and operations. Ontario 
Hydro joined the Northeast Power Coordinating 
Council at the time of its formation in 1966. 

The Ontario Hydro interconnection agreements 
with utilities in the States of Michigan and New 
York at present are exclusively of the voluntary 
mutual assistance type, providing for all uses of the 
facilities other than firm power interchange. Thus, 
emergency peak and energy requirements are pro- 
vided in both directions as available, transfers of 
surplus and economy energy are made regularly, 
some of the facilities are used for important voltage 
control functions and others for maximizing ef- 
ficiency in the use of flows available for hydroelectric 
production. Throughout the period of use of the 
interconnection, substantial net exports of energy 
to the U.S. systems have been made, although ex- 
ports and imports are approaching a balance in 
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recent years as surplus hydroelectric energy is being 
absorbed more and more in the Ontario system for 
displacement of thermal plant energy with its much 
greater incremental cost. 

Although the value of the interconnection has 
been somewhat restricted by certain operating con- 


straints imposed to maintain reliability standards, 
nevertheless, the interconnections have provided 
great value to the adjoining systems. That value is 
expected to increase as the constraints can be safely 
removed and additional power interchanges become 
practicable. 
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CHAPTER IV 
CHANGING TECHNICAL, ECONOMIC AND ENVIRONMENTAL FACTORS 


Size of Units 


The period between now and 1990 will see an 
unprecedented expansion in electric capacity in the 
Northeast Region. 

Accomplishing this expansion will pose many new 
engineering problems for power plant designers. 
The rapidity of the anticipated growth and the in- 
herent economic and other considerations require 
that the additions be made with large units. Siting 
problems and high load densities, brought about 
by larger population concentrations in the North- 
east Region, may justify the selection of larger unit 
sizes. Thus, by 1990, units of up to 2000 Mw and 
plants of 5000 Mw will be common. With plants of 
this size, more interties between pools will be neces- 
sary to minimize the effects of forced and planned 
outages of such large units. These plants will be too 
large for smaller utilities; multiple ownership of 
large complexes will be required. The transmission 
costs will be minimized by the use of high-voltage 
transmission systems and generation locations near 
load centers, Coordinated planning by the Northeast 
Region will be an accomplished fact; far greater in- 
terdependence of utilities will be evident. 


Siting for Thermal Generating Plants 
Land Availability 


The size of units that will be common in 1990 
complicates the problem of site selection. Transmis- 
sion, cooling, transportation and other requirements 
limit the number of suitable locations. The increas- 
ing concern over aesthetics also precludes certain 
areas. These requirements, along with an increasing 
population and expanding economy, are sure to de- 
crease the number of suitable sites. The decreased 
number of sites, the probability of inflation, and the 
increased competition for land are sure to greatly 
increase land costs. Thus, each site in the future 
must be selected for the largest generating plant 
economically justified. Some of the considerations 


which will limit the size of these plants are discussed 
in the following paragraphs. 


Transmission 


The selection of a suitable generating plant site 
is greatly influenced by the economies of transmis- 
sion. The usual aim is to locate as close as possible 
to a load center. However, this choice can be in- 
fluenced by other factors. For example, mine-mouth 
location may offset transmission costs with decreased 
generation costs. Location near an existing trans- 
mission network might allow for economical loca- 
tion at some distance from the load center. In 
general, a balance must be achieved between the 
transmission and generation costs, a balance that 
minimizes the cost of electric power. Clean air and 
cooling water considerations may be so overriding 
that transmission economics will not be controlling 
in site selection. When economies and system sta- 
bility are taken into consideration, transmission con- 
siderations may be the deciding factor. 

Transmission technology is advancing concur- 
rently with plant size technology. Currently, 765 
Kv transmission facilities are being designed and 
built. Such lines will be capable of transmitting as 
much as 4000 megawatts of power in a single over- 
head circuit. Thus, in view of the size of the plants 
expected in 1990, the addition of such circuits to 
existing transmission networks is probable. Public 
sentiment in general is against new right-of-way 
additions. Therefore, this new technology will mostly 
be applied to maximize the capabilities of exist- 
ing networks. This will further stimulate the need 
for site locations near existing rights-of-way or load 


centers. 
COOLING WATER 


General 


A limiting factor in the size or location of a 
thermal generating plant can be the availability 
of adequate condenser cooling water. Most of the 
generating capacity increase in the Northeast Re- 
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gion to 1990 will be with nuclear generating plants. 
In general, for each megawatt generated as power, 
nearly two megawatts of heat must be rejected to 
the environment. Technology will improve this 2 : 1 
ratio of heat rejection to power generated, but not 
sufficiently to materially alleviate the cooling 
problem. 


Cooling Water Requirements 


The generating capacity in the Northeast Re- 
gion by 1990 will be approximately 200,000 
megawatts. Of this total, approximately 175,000 
megawatts may be fossil and nuclear steam generat- 
ing plants. Assuming an average efficiency of about 
35 percent, the heat rejection to the environment 
averages approximately 597 billion Btu/hr, at a load 
factor of 0.5. Assuming an average water mixing- 
volume temperature rise of approximately 10° F., 
the required cooling water usage in the Northeast 
would thus be 450,000 cfs. This figure is equal to 
approximately one quarter the annual runoff of all 
the rivers and streams in the United States. Ob- 
viously, therefore, sufficient cooling water is not 
available in streams in the Northeast for once- 
through cooling of all condensers. Even with use of 
coastal areas, to the extent practical, supplemental 
cooling appears to be a necessity by 1990 for much 
of the Northeast Region. 

Site selection will be greatly influenced by the 
availability of large quantities of cooling water. The 
water must be as low in temperature as possible 
and non-corrosive to the materials used in condenser 
construction. Such considerations as quantity and 
quality immediately limit future site selection in the 
Northeast to a few large lowland streams, the Great 
Lakes, the Finger Lakes and the Atlantic Coast. 


Supplemental Cooling Techniques 


Many methods are presently used to optimize the 
use of available cooling water. In general, where 
sufficient water is available, various schemes can 
be devised to maximize mixing, and thus minimize 
the temperature effects on the environment. How- 
ever, where sufficient water is not available, supple- 
mental cooling is necessary. 

On-site supplemental cooling of condenser dis- 
charges will be necessary at many sites by 1990. The 
two general types of supplemental cooling most 
commonly used in the United States today are cool- 
ing ponds and mechanical or natural draft cooling 
towers. 


In the case of ponds, a rule of thumb dictates 
about one acre of pond surface for every mega- 
watt of plant capacity. As a total cooling mechanism, 
this method becomes impractical in most areas of 
the Northeast where both land and dam construc- 
tion costs are high. Some use such as recreation may 
be devised for such ponds to help borderline situa- 
tions, but in general, cooling towers seem to hold 
greater promise. 

Cooling towers can assume either a total or sup- 
plemental cooling role. The evaporative consump- 
tion of such towers is approximately 0.015 cubic feet 
per second per megawatt. For a 5000 Mw plant, the 
consumption would be approximately 75 cfs when 
the plant is operating at full capacity. 

Depending upon climatic conditions, the above 
amount of water could leave the towers as a vapor 
cloud. In winter, such a cloud can touch ground 
and cause local icing or other anomalies of cli- 
matology. To avoid the icing, natural draft towers 
are constructed up to 400 feet in height so that the 
vapor has a chance to dissipate before reaching the 
ground. However, from an aesthetic point of view, 
the size of the towers is objectionable at some loca- 
tions. Mechanical towers are more suitable for 
aesthetics, but have the greatest problem with icing. 
Thus, each situation will have to be judged in- 
dividually to achieve the best possible cooling 
method or combination of methods which suits 
the particular site under consideration. 

Other possible methods of cooling are the re- 
circulation of ground water, and dry cooling towers. 
Neither of these methods will achieve wide use in 
the Northeast by 1990 because of very high costs. 
Many sites will use wet towers of various types in 
conjunction with some straight-through cooling. 
The variance from location to location will deter- 
mine the combination that is most suitable. Costs of 
the supplemental cooling will be between $4 and 
$10 per Kw. 


Limnological Considerations 


The Northeast Region has many types of aquatic 
environments from trout streams to lakes and 
oceans. Each of these has its own peculiarities and 
tolerances in terms of cooling water discharges. For 
example, some tidal estuaries can have organisms 
which are most sensitive to thermal discharges, 
while some rivers have temperature tolerant species 
or organisms which are little affected by typical 
cooling water discharges. The species and local 
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conditions vary so much that each stream, reach of 
stream, lake, estuary, etc., must be examined 
individually. 

In general, different species of aquatic life have 
an increase in their physiological or metabolic rates 
as a result of increased temperatures. Heat death 
of a fish is a complex. phenomenon which can in- 
volve oxygen starvation, coagulation of body pro- 
tein or denaturation of enzymes. High temperatures 
may also stimulate the production of toxic organisms. 
However, the upper temperature tolerance levels 
on the whole are poorly known. The inadequacy of 
the data complicates the problem of determining 
permissible temperatures at a specific site, Each 
location has a particular ecological cycle which must 
be defined. Even when the ecology is defined, sta- 
tistical data are so scarce that engineering decisions 
are still difficult. 

Since the protection of aquatic life is a growing 
public concern and will continue to be so through 
1990, considerable research will be done on the 
effects of thermal discharges on aquatic life. Some 
beneficial effects on the aquatic environment are 
possible. For example, heated discharges have been 
used on Long Island Sound in an oyster-culture ex- 
periment. Initial results are favorable, and some 
leading marine scientists have expressed the belief 
that marine aquiculture could, in the future, in- 
clude an appreciable degree of cooperation with 
the power industry. 

In view of such facts, it seems probable that some 
effort will be directed toward more productive use 
of thermal discharges. For the most part, however, 
economical power plant operation will require con- 
stant conditions which do not allow much variation 
of thermal discharges for different uses. Thus, only 
beneficial uses which are consistent with sound 
operational procedures will be practical. 

The facts about the effects of thermal rises in 
aquatic environments should be determined. Only 
when such information is available can decisions 
be made to optimize the environment for aquatic 
life in the area of thermal discharges. By 1990, the 
situation should be clearer than at present and 
efforts will be made to optimize water usage for 
cooling and other purposes. This may result in 
using some bodies of water primarily for cooling. 


Regulatory Considerations 


The regulation of thermal discharges by stand- 
ards, both State and Federal, probably will be com- 


mon long before 1990; in fact some states already 
have thermal standards in effect. In some areas of 
the Northeast, these standards limit maximum tem- 
peratures in warm waters to 85° F. to 93° F., 
depending on local situations. A temperature rise 
of 5° F. to 15° F. in warm waters outside of an ad- 
ministratively established mixing zone has also been 
specified. The particulars of location will determine 
more specific limits. For more sensitive areas such as 
trout streams and certain tidal estuaries, more 
stringent criteria may be applied. These thermal 
criteria will definitely limit the amount of heat which 
can be rejected to water bodies. The aim of such 
regulation will be primarily the protection of aquatic 
life and the prevention of excessive algal growth. 
In the establishment of the standards, other con- 
siderations such as recreation and other water use 
may be considered, but these factors may have less 
significance than the support of aquatic life. Warm 
water is generally less satisfactory for drinking, 
household uses, swimming and other recreational 
activities but in general, the criteria for these func- 
tions are adequately covered by requirements for 
aquatic life. The challenge of such criteria will be 
to strike the balance which realistically meets health 
and conservation needs and at the same time permits 
the required economic development of power 
throughout the Region. 


Transportation Facilities 


The availability of easy transportation for fuel 
and equipment is another consideration in site selec- 
tion. Construction of the large power plants con- 
templated for the future can be affected by high- 
ways, railroad facilities, water transport facilities, 
and air service. The more complete and adequate 
these facilities are, the less costly the construction. 
Moreover, the construction of nuclear plants can 
create a particularly severe need for good trans- 
portation at a site. Reactor vessels weigh over 600 
tons. Such equipment is at present usually brought 
in by barge, necessitating a site on a navigable 
waterway. By 1990, such equipment will be field 
erected, and the water transportation requirement 
will be alleviated. However, the size of much of the 
other equipment still makes the availability of water 
transportation desirable at a site. 

Transportation, in general, is good throughout 
the Northeast Region, and should improve in the 
future. Therefore, transportation availability at sites 
in this region should not pose any great difficulties. 
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FUEL SOURCE AND WASTE DISPOSAL 
Fossil Plants 


The least costly location of coal-burning plants 
is generally at mine-mouth. When the plants are 
located some distance from the mines, coal is usually 
brought in by train lots, which reduces the trans- 
portation cost. Future developments may lead to 
more transportation of coal in pipelines as a slurry; 
some such lines may be in use in the northeast by 
1990. However, such a method will probably not 
assume much overall significance in the Northeast 
because of the increasing reliance on nuclear plants. 

Ash disposal from coal-fired plants will continue 
to be a problem, especially in metropolitan areas. 
Transportation needs for ash disposal will rise and 
affect site economics to some degree. In thinly popu- 
lated areas, the ash may be used as fill. Still some 
cost will be involved. 

Some use for fly ash as lightweight aggregate 
for concrete may alleviate the economic burden. 
However, such use will account for only a small por- 
tion of the total produced. Other uses will be dis- 
covered, but will probably add little toward the 
solution of the problem. 


Nuclear Plants 


Nearness to fuel supply is not a significant prob- 
lem with nuclear plants. Typical fuel elements are 
easily shipped by a variety of means. Further, the 
availability of the fuel should rise from increased 
exploration, the development of the breeder reactor, 
and improved technology of refining and reproc- 
essing. Thus, fuel supply will not be a significant 
economic consideration of site selection for nuclear 
plants through 1990. 

The same considerations apply to disposal of 
radioactive materials as it relates to site selection. 
When facilities are adequate, site selection will be 
little influenced by waste disposal. The only pos- 
sible exception would be for the metropolitan sites 
which will probably be in use before 1990. Here, 
because of dense population, costs may increase be- 
cause of stringent safety requirements. However, in 
view of the present economics of metropolitan siting, 
reasonable additional costs should not significantly 
affect the economics of such a location. 


Earth Sciences 


A site for a power plant is studied to determine 
many aspects of its physical characteristics. Such 


things as underground hydrology must be examined 
to assess the possibility of contamination of water 
supplies and for possible supplies of makeup and 
drinking water for the plant. The ground forma- 
tion must be capable of providing a sound founda- 
tion. Further, the site may be near a seismic fault. 
The closeness to this fault and the earthquake his- 
tory of the region are used to set structural specifica- 
tions. Other physical features, such as topography, 
also can affect site suitability. 

All the above factors are considered in site selec- 
tion. Physical requirements at sites will continue to 
be stringent in the future because of the importance 
of large plants to system stability and reliability. The 
investment in electric power plants is too great to 
allow much compromise in the physical require- 
ments of a site. 


Meteorological Considerations 


The growing public concern about air pollution 
makes meteorological characteristics of a site assume 
considerable importance. Although meteoroiogical 
factors seldom affect the initial choice of the site, 
the dispersion capability of the local region, in con- 
junction with other factors such as population 
density and degree of pollutant control, may limit 
the size of the plant. Therefore, optimization of 
plant design based on detailed surveys becomes very 
important at power plant sites. 

Meteorology in an area is greatly affected by 
terrain features. For example, valleys and ridges 
tend to channel gaseous effluents in a particular 
direction. Concentrations at various points in the 
direction of the release are affected by temperature 
variations with height, wind speed and gustiness. 
All these factors must be examined to predict the 
dispersion of the effluent. 

The data are usually obtained by preoperational 
surveys of the micrometerology of the site for up 
to two or three years. If possible, these data are 
then compared with long-term weather bureau data 
for the region. In this manner, long-term pictures 
of dispersion are constructed, and accurate predic- 
tions become possible. Such items as stack design 
and height and location of building components are 
set to optimize dispersion of effluents. 

Future sites will be studied in far more detail 
than those of the past. Additions to sites will be 
easier from a meteorological point of view since 
accurate patterns of dispersion will have been estab- 
lished and substantiated. Thus, design of plants will 
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minimize the air pollution problems. Limits based 
on tolerable concentrations of pollutants can set 
maximum plant size. 


Other Considerations 


In addition to the above, many other considera- 
tions are becoming important in site selection. 
Among these are land use, public acceptance, 
aesthetics and nearness of state or public parks or 
historic lands. Public concern about maintaining 
the beauty of our parks and countryside make large 
installations undesirable if they are at all objection- 
able in appearance. Sites are usually chosen to mini- 
mize this difficulty; the architecture of plants is 


designed to blend harmoniously with surroundings. 

Population density and franchise area are also 
factors in site selection. Present Atomic Energy 
Commission guidelines discourage nuclear plants in 
densély populated areas. Utilities are reluctant to 
locate outside their own load area. 

Both these factors will be less significant in the 
selection of future sites. As experience is gained 
with operating nuclear plants, the degree of their 
safety and reliability will be more firmly established. 
This experience, in addition to economic considera- 
tions, will permit metropolitan siting, Further, the 
size of plants, multiple ownership and shortage of 
sites will probably necessitate locations outside a 
particular load area. 
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CHAPTER V 
GENERATION RESERVE REQUIREMENTS 


Requirements for Reserve Capacity 

The electric power systems in the United States 
plan for the installation of generating capacity in 
excess of their respective anticipated annual peak 
loads. This excess capacity provides a margin of 
reserve to insure against the probability of load 
exceeding available generating capacity. This safety 
margin is necessary to provide for the day-to-day 
variations in the operating condition of the installed 
generation, and the fact that loads will deviate from 
estimates. 

Generation may become unavailable due to either 
being forced out, or scheduled out for maintenance. 
Unit failure, or forced outage, is usually the domi- 
nant factor in establishing the required reserve 
margin. Scheduled maintenance will ordinarily be 
performed in the low load seasons of the year. How- 
ever, forced outages are just as likely to occur on 
the peak load day of the year as on any other day. 
Thus, if large seasonal load variations exist in a 
system, the effect of scheduled generation mainte- 
nance on required reserve will be small. The con- 
verse would be true for a system with relatively 
small seasonal load variations. 

System peak loads are affected by two basic varia- 
tions: (a) the overall level of the local economy; 
and (b) the weather. Since the lead time required 
for the installation of new generation is in the 
order of five to seven years, the desired generation 
reserve must therefore be determined five to seven 
years in advance of need. Thus, system peak load 
estimates must be based on relatively long range 
assumptions of business activity, and on some stand- 
ard weather condition. There are potentials for 
inherent errors involved in both sets of assumptions. 
A component of reserve generation is therefore re- 
quired to allow for the fact that actual system peak 
loads will deviate somewhat from forecasts. 

Since reserve generation can rarely be justified by 
the economic benefits of its energy production, it 
represents a major cost increment in utility system 


operation which there is great economic incentive 
to minimize. As a measure of this cost, the difference 
between an installed reserve of 15 percent and one 
of 10 percent in a 1000 Mw capacity system would 
represent a capital expenditure in the order of 
$5,000,000. 


Methods of Determination of 
Reserve Requirement 


Electric utilities use three different basic methods 
in determining the size of their generation reserve: 
1. Standard percent reserve. 
2. Loss of largest generator. 
3. Probability. 

All utilities at one time used the first two 
methods. These have the inherent disadvantage of 
having no measure of the resultant system reliability. 
These two methods, however, may be the only 
practical methods of smaller utilities. The last 
method, probability, provides an associated measure 
of reliability, but requires an enormous amount of 
laborious calculations. With the advent of the 
computer and the development of appropriate pro- 
grams, the probability method has become practical. 


Standard Percent Reserve 


In this method some fixed percent of the fore- 
casted system peak load is used as the required 
reserve. This fixed percent is usually determined 
from the past history of a company’s own reliability 
record, Simplicity is the greatest attribute of this 
method. The changes in load patterns, number and 
size of generators and generator outage records are 
usually ignored or handled by gross assumptions. 
A constant percent reserve will not provide the same 
reliability for future system conditions as for those 
of the past. This method, therefore, incurs either 
excess generation capital costs due to superfluous 
reserve, or inadejuate reliability due to insufficient 
reserves. 
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Loss of Largest Generator 


In this method, the reserve will be equal to the 
size of the largest generator plus, usually, some per- 
cent of the estimated peak to allow for load error. 
This method has an advantage over Method 1, in 
that the reserve is automatically increased as larger 
units, with their greater risk, are added to the sys- 
tem. Still the system is again being designed to an 
unknown variable reliability. 


PROBABILITY 


Currently popular methods of determining gen- 
eration reserve requirements make use of probability 
mathematics. Such methods, permit a desired 
probability level of generator availability to be de- 
signed into the system. With reliability fixed, the 
installed generation reserve becomes variable, 
changing with load characteristics and the size and 
availability of units. Two of the more frequently 
used basic methods of probability calculations are: 
(a) the loss of load method; and (b) the loss of 
energy method. The former measures required re- 
serve as a function of the probability of loss of 
capacity required to meet load, usually expressed in 
units of years/day or its reciprocal days/year. The 
latter measures required reserve as a function of the 
percent of total energy expected to be lost or percent 
of the total energy expected to be served. 

The terms “loss of load” and “loss of energy” 
used to describe these two methods are unfortunate 
choices of terminology, since they suggest planned 
dropping of load. Actually, they are intended to 
express a measure of relative system reliability (e.g., 
“loss of load one day in ten years” is a higher degree 
of reliability than “loss of load one day in five 
years’). Usually, calculations are made with con- 
servative assumptions so that reliability is actually 
higher than calculated. Also various emergency 
operating procedures, such as system voltage reduc- 
tion, may avoid the need to interrupt service to 
customers due to lack of installed reserve. Even if 
some customers were dropped in order to balance 
load and generation, they would usually represent 
only a small portion of the total load. The average 
customer’s supply reliability as influenced by ade- 
quacy of installed generation capacity is many 
times higher than the designed reliability for the 
system as a whole. There is always some risk present, 
and the probability method attempts to define it. 


Method of Probability Calculations 


The “Loss of Load Probability” method has been 
the most widely used by the utility industry. 

The two important elements in calculating system 
reliability by this method are generation avail- 
ability and load variability. These are generally 
called the generation (or capacity) model and the 
load model. These elements and the mechanics of 
the method are discussed in this section. 


Generation Model 


Each generator has a probability of being un- 
available for operation due to an uncontrolled or 
forced outage. This probability of forced outage 
may be expressed as a percent of the time, such as 
two percent. The probability of being available for 
Operation in this case would be 100 minus 2, or 98 
percent. This “forced outage rate” for generators 
may be determined from a variety of sources, such 
as a unit’s own history of operation, national experi- 
ence with units of similar type, and/or extrapola- 
tion of data for the newer types and sizes of units. 
A reasonable range of forced outage rates for 
mature generators of various sizes and types would 
be from 0.5 to 8 percent. 

The forced outage of a generator can be con- 
sidered an independent event; that is, it is neither 
influenced by the forced outages of other genera- 
tors, nor, in turn, does it influence them. The 
probability of the coincident occurrence of a series 
of independent events is the product of their indi- 
vidual probabilities. The following calculations 
develop the generation capacity availability for a 
very simple example of two generators, each rated 
100 Mw, and each having a forced outage rate of 
2 percent: 


Probability of 200 Mw available= (.98) (.98)=0. 9604 
Probability of 100 Mw available=2 (.98) (.02)= .0392 
Probability of 0 Mw available= (.02) (.02)= . 0004 


Summation of all alternatives = 1. 0000 


This tabulation represents the capacity model 
which would be used for the example in reliability 
calculations. The total probability of all cases is 1.0 
per unit, or 100 percent. 

For the probability calculations of system relia- 
bility, a generation or capacity model for the actual 
system is developed in a similar manner. Every 
possible combination of unit availability must be 
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considered, using the forced outage rates (or the 
corresponding availability rates) characteristic of 
each unit in each combination. The results are ac- 
cumulated in a table of total available system gen- 
eration and the associated probability of occurrence. 
For a larger example, which will be used later in a 
complete sample of calculation of system reliability, 
let us assume a system of four units—150 Mw, 125 


Mw, 100 Mw, and 75 Mw. Each generator is con- 
sideréd to be in either of two states, “in” or “out”. 
The number of combinational variations of (n) 
generators in either state is (2)*. Then, for four gen- 
erators, n=4 & (2)"=(2)*=16. All units are as- 
sumed to have a forced outage rate of two percent. 
The system of four generators would produce the 
following capacity model: 


Capacity Model 


Unit—Mw Total 
150 125 100 75 

In In In In 450 
In In In Out 375 
In In Out In 350 
In Out In In 325 
Out In In In 300 
In In Out Out 275 
In Out In Out 250 
Out In In Out 225 
In Out Out In 225 
Out In Out In 200 
Out Out In In 75 
In Out Out Out 150 
Out In Out Out 25) 
Out Out In Out 100 
Out Out Out In 75 
Out Out Out Out 


The probabilities above are for that exact amount 
of available generation shown, no more and no less. 


Load Model 


The load model that is used for the reliability 
calculations is developed to show the variability of 
daily peak loads on an annual basis. These load 
models are usually developed from historical records 
of daily peaks with adjustments made for future 
changes in characteristics. These load models may 
be quite complex, but a simple load model is used 
here to demonstrate their use. Eleven blocks of load 
are used to represent the whole range of daily peaks 
found in a year. 

In the load model a cumulative probability table 
was developed which shows the probability that the 
load will be the value shown or higher. 


Reliability Calculations 


A capacity model which shows the probabilities 
for exact amounts of generation being available, 
and a load model which shows the probabilities that 


capacity 
ett (Mw) 


Probability of occurrence 


Petey (0. 98)4=0. 92236816 
(0. 98)3(0. 02) =0. 01882384 
(0. 98)3(0. 02) =0. 01882384 
(0. 98)3(0. 02) =0. 01882384 
(0. 98)3(0. 02) =0. 01882384 
(0. 98)2(0. 02)? = 0. 00038416 
(0. 98)2(0. 02)? = 0. 00038416 
(0. 98)2(0. 02)? = 0. 00038416 
(0. 98)2(0. 02)? = 0. 00038416 
(0. 98)2(0. 02)? =0. 00038416 
(0. 98)2(0. 02)? = 0. 00038416 
(0. 98) (0. 02)3=0. 00000784 
(0. 98) (0. 02)'=0. 00000784 
(0. 98) (0. 02)8=0. 00000784 
(0. 98) (0. 02)3=0. 00000784 
ate (0. 02)4=0. 00000016 


1. 00000000 


Load Model 


Cumulative proba- 


Load Blocks Probability bility (probability 

(Mw) of load will be value 

occurrences shown or higher) 
359 370 0. 0012 0. 0012 
347 358 0. 0085 0. 0097 
335 346 0. 0384 0. 0481 
323 334 0. 1105 0. 1586 
ay ll 322 0. 2107 0. 3693 
299 310 0. 2614 0. 6307 
287 298 0. 2107 0. 8414 
275 286 0. 1105 0. 9519 
263 274 0. 0384 0. 9903 
251 262 0. 0085 0. 9988 
239 250 0. 0012 1.0000 
VS 0000 ™"". 2) TARO ae 


the load will be a certain level or higher, have now 
been developed. If the two models are matched 
up, the probabilities that the load exceeds the avail- 
able generation can be found. Combining the ca- 
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pacity and load models to determine loss of load 
probability could just as easily be performed using 
a capacity model developed on the basis of the 
probabilities of availability of specific levels of gen- 
eration or less, and a load model that had the prob- 
abilities of occurrence of an exact level of load. 

The Reliability Model, shown in the following 
tabulation, is based on the coincidence of specific 
steps of generation being available and excess load 
occurring. These events (generation availability and 
excess load), like generator outages, are independent 
events, and the product of their probabilities is the 
probability of their coincidence. Columns 1 and 2 
are the Capacity Model. For each level of available 
generation in Column 1, the probability that the 
load will be higher is taken from the Load Model 
and placed in Column 3. There is no load in excess 
of 370 Mw, and therefore, there is no excess load 
probability for generation availabilities of 375 and 
450 Mw. The load is in excess of 350 Mw 0.97 
percent of the time, and exactly 350 Mw of gener- 
ation is available 1.882 percent of the time. The 
coincidence of exactly 350 Mw of generation being 
available and the load being in excess of 350 Mw is 
(0.0097 (0.01882) =0.00018259 per unit of the 
time. Such calculations are repeated similarly for 
each level of generation availability. 

Saturday, Sunday and holidays are normally 
omitted in the preparation of load models. The 


Reliability Model 


(1) (2) (3) (2) x (3) 
probability 
Probability Proba- that load 

Generation this generation _ bility will be lost 
available eing that loads (i.e., load ex- 

(Mw) available exceed ceeds gen.) 

capacity (4) 
fo, Una 7A 0. 92236816 0 0 
S75 ae ae 0. 01882384 0 0 
BOO ss. see 0. 01882384 0. 0097 0. 00018259 
Be Ss asiy s bia. ae 0. 01882384 0. 1586 0. 00298546 
SOD oration tf ag 0. 01882384 0. 6307 0. 01187220 
21S came eee: 0. 00038416 0. 9519 0. 00036568 
ZOO te thie a vers 0. 00038416 0. 9988 0. 00038370 
225 ee ee 0. 00076832 1.0 0. 00076832 
BOD irae nin 0. 00038416 1.0 0. 00038416 
| aan 0. 00038416 1.0 0. 00038416 
Ne 8 A a See aS 0. 00000784 10 0. 00000784 
P25 ee tee she 0. 00000784 1.0 0. 00000784 
100s HAN 0. 00000784 1.0 0. 00000784 
f het aig rene 0. 00000784 1.0 0. 00000784 
ON Ae 2. tbe: 4 0. 00000016 1.0 0. 00000016 
Total Probability of Some Loss of 

0s len ar A ie wa Rat a 0. 01735779 


load is sufficiently depressed on these days so that 
there is no measurable contribution to the annual 
risk of load loss by their inclusion. Neglecting these 
days there are 250 load days per year on which the 
load model is based. Taking the probability of loss 
of load from the probability model, 0.01736, and 
multiplying by 250 gives the number of days per 
year load may be expected to be lost. 


(0.01736 (250) =4.34 days/year 


The reciprocal of this number gives years/days, the 
measure of system reliability normally used in the 
technical literature on this subject. 


ca =0.23 years/day 
The results of this example calculation indicate a 
level of system reliability which is far below any 
standard now used in this country. To improve the 
level of reliability, additional generators would be 
added to the capacity model, and calculations re- 
peated until the desired reliability is reached. 

Most companies use a far more sophisticated ap- 
proach for the “Loss of Load Probability Method.” 
Among the detail usually added are: 

1. Much more detail in the load model, in- 
cluding probable deviations from normal 
due to weather and business cycle variations. 

2. Scheduling of generation maintenance, 
which may be either subtracted from the 
generation model or added to the load 
model. 

3. Effect of seasonal variation of generation 
output (e.g., changes in injection tempera- 
tures. ) 

4, Variation of generator forced outage rates 
as the unit matures. 

5, Calculation of reliability of two pools simul- 
taneously, including the effect of each on 
the other’s reliability. 

6. Analytical considerations of the effects of 
distances between generation units, distances 
between generation and load areas, and re- 
liability of the transmission required to con- 
nect these units and areas together, and to 
make an overall functioning system of all 
these elements. 


VARIABLES AFFECTING RELIABILITY 


From the available experience gained through 
the use of probability mathematics to calculate re- 
quired generation reserve, certain generalities have 
been observed which are worth noting. 
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Unit Size 


Assuming all other variables, including forced 
outage rates, remain the same, when a unit is added 
which is of a size appreciably larger than the sys- 
tem’s average, it will increase the required genera- 
tion reserve. The new unit will roughly affect the 
reliability calculations in proportion to the square of 
its size. An 800 Mw unit would have four times the 
effect of a 400 Mw unit. This disproportionate 
effect is most noticeable when a very large unit is 
added to a system composed of small sized units. 
The initial installation of large units to a system will 
cause a sharp rise in reserve requirements. This 
effect will drop rapidly as further large units are 
added. 


Forced Outage Rates 


The exposure of a unit to failures such as boiler 
tube leaks and insulation breakdowns of generator 
windings is proportional to the physical lengths of 
these components, which are a function of unit size. 
In general, the larger the unit, the higher its forced 
outage rate (see Table 16). Also, higher steam tem- 
peratures and pressures increase forced outage rates 
due to higher incidence of boiler troubles. A new 
unit will also experience much higher outage rates 
during its break in period. The maturing of a unit 
to a level forced outage rate may take as long as six 
years. Hydro units, in general, have lower forced 
outage rates than thermal units of comparable size. 


System Size 


With all other variables constant, the percent re- 
serve requirements will become smaller as the num- 
ber of units increases. For example, a system with 
a load served by one unit would require a minimum 
of 100 percent reserves; if the load is served by two 
equal units; the reserve requirement would be 50 
percent, and if served by three equal units 3314 
percent. 


Pooling 


Interconnections have the effect of increasing the 
number of available units as well as system size, and 
therefore, reduce the percent reserve requirements. 
Generally, the larger a system becomes the smaller 
become the reserve benefits that will be realized by 
pooling. However, if unit sizes are large enough, 
reduction of reserve requirements by additional 
pooling would still be worthy of consideration by 
pools or systems of the 30,000 Mw size (Fig. 13). In 


general, the pooling of two systems will result in the 
smaller gaining the higher percent reduction in its 
reserve requirement. 


TABLE 16 


Forced Outage Rates of Base Load Units 


Nameplate Rating (Mw) Rate (%) 
Existing Fossil Units: 
O=LOOj soca. can ae eee ie 
LOTH300's * osc. eeseenca yan eienor ete 3.9 
301-500 See gle ee eee: Seo 
Future Mature Fossil Units: 
GOO. cs ieeeas) « eee ee cae ee 5.8 to 7.8 
SOO iss, ae aes Rise cena els ee 6.7 to 9.4 
LOOOM 2 shscus Sis ae Se Ie I CE eee 7.4 to 10.7 
Future Mature Nuclear Units: 
COO SER rue e eed Oe ee 5 etowsee 
8008) «85 etl ead deere ae 5.8 to 8.7 
1000.3: Abe a nee et as eee 6.5 to 10.0 
2000 «|. br grees Con ohe ei eee eae 10.0 to 16.0 


Multipliers for Immature 600-1000 Mw Units (Both Fos- 
sil and Nuclear with Once Through Boilers) 


Units in service 
Year of Operation 


Before 1975 1975 and later 


De datenctehel spite ire 2. 40 1. 60 

Ee RN et Sot ay ee 1. 60 Me i) 

BP eh ae ri aS PN te Nees 1.18 

4ST avigereh peace ee ies 1. 08 

Dhaene tee ee ic aes 1. 08 1. 00 

O2Aste ae seers 1. 00 1. 00 
Load Shape 


Systems which have their high peak loads only 
in one season will have their major risk in that 
period. Maintenance outages, including refueling 
of nuclear units, will have little effect on reliability 
if they are scheduled in load valleys. Systems which 
have substantially equal peak loads in all seasons 
will have essentially equal risk of loss of load for all 
seasons. Their required reserve will not only be 
higher due to length of period of risk, but an extra 
component will be required to cover maintenance 
outages. 


Trends 

As systems with average size units between 100 
and 300 Mw are adding new large units (800 to 
1100 Mw), they are experiencing a rapidly rising 
percent reserve requirement. This is being mitigated 
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SYSTEM PEAK LOAD IN MW 


PERCENT RESERVE REQUIRED FOR LOSS OF 
LOAD TO BE EXPECTED ONE DAY EVERY TEN 
YEARS, BASED ON: 

. GENERATOR FORCED OUTAGE RATE OF 2% 
LOAD FORECAST ERROR - STANDARD 
DEVIATION OF +3% 

SCHEDULED MAINTENANCE FILLS UP 
SEASONAL LOAD VALLEY 
SYSTEMS CONSIST ENTIRELY OF INDICATED 


SIZE UNITS 


REQUIRED PER CENT RESERVE 


Figure 13 


somewhat by a coincident increase in scope of inter- 
connections and pooling. If unit sizes level off and 
systems and interconnections grow, the percent re- 
serve requirement will take a downward trend. 
However, this downward trend could be reduced or 
even reversed by flattening of the annual load shape 
and by a continued upward trend in unit size. A 
flattened annual load shape could result from the 
balancing of summer cooling load with winter 
heating load. 

In computing reserve requirements for the North- 
east, each coordinating group uses some variation 
of the general principles discussed in the earlier por- 
tion of the Chapter, recognizing the trends discussed 
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above and the reserve limits established by pools 
or other management groups. Reserves are generally 
determined utilizing probability mathematics in 
order to provide for a predetermined loss of load 
probability. Capacity models provide for cyclic 
scheduled generation maintenance, for seasonal 
variations in generation output, and for variations in 
forced outage rates due to degrees of maturity of 
units. Generally, the load models provide for devia- 
tions from normal due to probable weather and 
business cycle variations. Also, the effects of neigh- 
boring pools are in general, included in the calcula- 
tions. The standard for loss of load probability cur- 
rently accepted is one day in 10 years. 
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Individual area studies of installed reserve 
requirements currently indicate 15 to 20 percent 
as being representative. A 20 percent reserve margin 
may prove unnecessarily large if experience and 
technological progress indicate that the very large 
units being built or planned for will have greater 
availability than now seems likely. In general, how- 
ever, systems in the Northeast are moving toward 
reserves approaching 20 percent, either from their 
own resources or through formal and firm arrange- 
ments with outside suppliers. Reserves within sys- 
tems may vary widely from year to year, depending 
prrimarily on the timing of major construction, but 
these short-term fluctuations tend to be offsetting 


within areas of coordinated operations. Unit shar- 
ing, coordinated maintenance scheduling, diversity 
interchanges, firm transfer agreements, and other 
cooperative arrangements are used extensively to 
insure that reserve levels established by pooling or 
coordinating agreements are strictly adhered to. 

For long-range planning purposes, future reserve 
allowances are normally increased by 5 to 10 per- 
cent of the anticipated peaks as a contingency 
against unforeseen construction delays or estimat- 
ing errors. Thus, in this report the plans presented 
for 1980 and 1990 reflect a contingency allowance 
in the reserve requirement figures shown on Table 
1 in the summary. 
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CHAPTER VI 
ECONOMICS OF BASE LOAD GENERATING PLANT SELECTION 


Problems of Comparison 


A utility faces no more complex or more chal- 
lenging problem than the proper selection of base 
load generating plants. 

This is the largest investment the utility makes. 
It requires commitments five or seven years ahead, 
yet entails heavy financial penalties for errors in 
judgment or forecasting. The rapid advances in 
the technology of generation makes it wise to leave 
plans and specifications open to the last possible 
day. The site and size of the new plant will affect 
the design of much of the rest of the system, and 
will also bear on coordination planning with other 
systems. The intangibles of public acceptance in- 
volving aesthetics and environment must be given 
dollar values so they may have a proportionate 
place in the overall calculations. 

The attainment of the highest reliability at the 
lowest cost, and with the greatest satisfaction to the 
community is a most exacting undertaking. 

The factors that must be considered in the deci- 
sion are so interrelated that a large variety of pos- 
sible solutions must be individually costed out be- 
fore a final selection is made. 

It is, for instance, frequently not possible to 
choose directly between a nuclear plant and a 
fossil-fueled plant. The decision must be between a 
nuclear plant of the most economical size at the 
best site obtainable against a fossil-fueled plant of 
perhaps a different size at a different location. And 
entering into this decision are questions of air and 
thermal pollution, the future adapability of the 
plant to intermediate or peaking service, the trends, 
up or down, of nuclear against fossil-fuel costs, the 
comparative costs of fuel storage at the sites in- 
dicated (coal requires large areas with conspicuous 
handling equipment), and the effect on public rela- 
tions of the adoption of an impressively modern type 
of equipment. 


Selection of Type of Generating Facility 


Nuclear Vs. Fossil 


Nuclear units have high capital costs and lower 
energy costs than fossil-fired units. This means that 
it takes more capital per kilowatt of capacity to 
build a nuclear plant, but the operating cost per 
kilowatt-hour of electricity produced will ordinarily 
be less. Moreover, the economy of scale is greater 
in nuclear units: Their cost per kilowatt of capac- 
ity decreases more sharply as the total capacity is 
increased than is the case with fossil units. The capi- 
tal costs for large nuclear plants ranging upwards 
from 500 Mw are today at capital cost levels of 
from 20 percent to perhaps as high as 60 percent 
more than fossil plants. One the other hand nuclear 
fuel costs appear to be at levels of 40 percent to 
70 percent of fossil fuel costs. Overall, the total 
bus bar costs for energy from large high base load 
use plants appear to be, at the moment, pretty 
much in balance, with perhaps a slight advantage 
of the nuclear on total costs for areas having rela- 
tively high fossil fuel costs. There does not appear 
to be any reason to expect that the nuclear advan- 
tage will not be maintained or even increased as 
time goes on. 

In general, companies with high money costs 
and high taxes will find it more difficult to justify 
the higher capital costs of nuclear units than com- 
panies with lower money costs and taxes. On the 
other hand, companies in high fossil fuel cost areas 
such as New England find the economics favor 
nuclear units because of their low energy costs. 

In the case of fossil fuel, the relative merits of 
coal, oil and gas must be considered in all these 
relationships. Coal-fired plants have a higher capi- 
tal cost than the others, because they require more 
land and more expensive fuel handling facilities. 


Siting 


In siting the plant, whatever the fuel, develop- 
ment costs, local taxes, proximity to load centers 
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now and in the future, cost of delivery to these 
centers, existing transmission lines, availability of 
rights of way for new lines and their public accept- 
ance must be studied. 

It might be economically desirable to build a gen- 
erating plant a considerable distance from a load 
center if local taxes and site development were 
lower than the increased transmission costs. Exist- 
ing plant sites and rights of way may be profitably 
used by a wise selection of unit sizes and transmis- 
sion voltages. 

Size 


In general, the bigger the plant the lower is the 
cost of construction and operation per kilowatt of 
capacity and kilowatt-hour of energy. But the big- 
ger the plant, the bigger must be the available re- 
serves to replace it if it unexpectedly shuts down. 
In addition, capacity above the actual load demand 
ties up capital, may require additional transmission 
investment, and may restrict somewhat the decision 
on future generating and transmission additions. 

On the other hand, installations larger than 
needed for load growth may be justified by the sav- 
ings from retirement of older and less efficient units, 
by the more effective use of a site, by long-term sale 
contracts with other utilities or by coordination with 
an interconnected system. This last offers the great 
and growing opportunity for enjoying the economies 
of scale in generation. 


Timing 


Timing is critical. It is governed primarily by load 
requirements and reliability standards, But it is com- 
plicated by the increasingly longer lead time now 
required, as well as by the necessary balancing with 
other generation—base load, intermediate or peak- 
ing. Retirement of older units and sales to other 
utilities can advance the construction date. 


Economics and Financing 


Some elements of the problem can be reduced to 
reasonably assured mathematical analysis. Total pro- 
duction costs of a particular plant can be divided 
into two classes, fixed and variable. The variable 
costs vary with the level of generation and include 
the non-fixed portion of operation and maintenance 
as well as fuel. 

The fixed costs include the costs of money, de- 
preciation, taxes, insurance and a portion of the 


operating and maintenance costs. These have to be 
met no matter what the level of generation may be, 
and even when the plant is idle. If the plant is 
operated at high capacity most of the time, the fixed 
costs are divided among a great many kilowatt-hours 
of produced energy. Peaking plants on the other 
hand are operated for relatively small periods of 
time, and their fixed charges are divided among 
much fewer kilowatt-hours of produced energy. 

Generally, the original cost of a project for all 
types of utilities is financed in part by internal funds 
as well as by new capital. 

The charge for depreciation is the amount to be 
put aside annually so that the accumulated sums 
will recover the original cost of the facility at the 
end of its expected life, less any sum recovered by 
salvage. These funds are usually invested in new 
plant facilities in the case of investor-owned utilities, 
and regulatory authorities generally deduct the re- 
serve thus created from the “rate base.” That is, the 
reserve is not considered a part of the total invest- 
ment of the utility for purposes of figuring allowable 
earnings. 

The Internal Revenue Code permits various 
methods of figuring the annual depreciation charge 
for tax purposes. This may be an equal annual 
amount over the life of the facility, or it may be a 
larger amount in the early years and lesser in the 
later years. But if tax rates do not change, there is 
no difference in the total recovery over the years, 
and no difference in the total tax incurred although 
the deferral of taxes provides a monetary benefit 
because of the interest saving. The four methods 
allowed are: 

1. The straight line method. 

2. The declining balance method, using a rate 
not exceeding twice the rate which would 
have been used had the annual allowance 
been computed under the straight line 
method. 

3. The sum of the years’ digits method. 

4. Any other consistent method productive of 
an annual allowance which when added to 
all allowances for the period, commencing 
with the taxpayers use of the property and 
including the taxable year, does not, during 
the first two-thirds of the useful life of the 
property, exceed the total of such allow- 
ances which would have been used had such 
allowances been computed under the de- 
clining balance method. 

A taxpayer may at any time change from the 
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declining balance method to the straight line 
method, but a change is not allowed in methods 1, 
3. and 4 without prior permission. 

The tax element of the fixed charges is the total 
of yearly taxes levied on the utility by local, state, 
and federal governments which depend on the 
original cost of plant facilities either directly or 
indirectly. 


There are many other factors that must be con- 
sidered in economic analyses and comparisons of 
alternative plans. They are, however, too involved 
to warrant discussion in this report. For a complete 
treatment of the subject, the reader is referred to the 
book entitled “Profitability and Economic Choice,” 
by P. H. Jeynes. (Iowa State University Press, 
1968.) 
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CHAPTER VII 
PATTERN OF BULK POWER TRANSMISSION IN THE NORTHEAST 


General 


The three areas included in the NERAC region 
are now interconnected at 230 Kv between New 
York and PJM and 345 Kv between New York 
and New England. A 500 Kv tie between PJM 
and New York was planned for service in May 1968, 
but right-of-way problems have delayed its ex- 
pected in service date to December 1969. More 
EHV ties between these areas are envisioned in the 
1970-1990 period, as indicated on Figures 2 and 3, 
in the Summary at the beginning of this report. 

Major generation developments in these three 
areas are shifting from fossil-fueled units to large 
nuclear units. A number of nuclear installations 
have been or are being planned in all three areas for 
service in the 1968-75 period. More EHV transmis- 
sion installations will be required as a result of 
these generation developments. 

Preliminary results of long-range studies have 
indicated continued expansion at 345 Kv and 500 
Kv in the near term years. For the far term develop- 
ment it appears that several factors will dictate the 
use of a higher voltage of at least 765 Kv. These 
are: 

1. A requirement to increase generating unit 
and generating plant size to obtain econ- 
omies of scale and maximize usage of a 
limited number of good generating sites. 
Progress in the above direction infers the 
need of a strong transmission system; to 
deliver large blocks of power under both 
normal and emergency conditions, to make 
possible sharing of reserves which are an 
integral factor of the large unit philosophy, 
and to absorb the stress of loss of a large unit 
or plant with no impairment of system 
integrity. 

2. To achieve maximum right-of-way loading 
on the limited right-of-way available. 

3. To achieve economic transmission capacity. 
For example, 765 Kv is capable of trans- 
mitting from four to six times as much 


power as 345 Kv over comparable distances, 
while 765 Kv construction is approximately 
twice the cost of 345 Kv. Therefore, cost per 
Mw transmitted is reduced by a factor of 
2 or greater with use of the higher voltage. 

4. To coordinate with plans for development 
of regions adjacent to the Northeast. 

The operating groups of the utilities in the Lake 
Ontario and Lake Erie regions have formed a joint 
study committee known as the Great Lakes Eastern 
Operating Study Committee (GLEOS) to in- 
vestigate the effects of the new interconnections 
between the Michigan utilities and the networks 
to the South. The Committee is composed of rep- 
resentatives of the Northeast Power Coordinating 
Council, the Mid-Atlantic Area Coordination 
group, and the East Central Area Reliability Co- 
ordination group. The Hydro-Electric Power Com- 
mission of Ontario participates as a member of 
NPCC. The GLEOS effort is planned to be a con- 
tinuing one and represents a noteworthy example 
of an interregional coordination activity, The major 
investigations to date have been directed toward 
analysis of conditions which might be experienced 
if planned generation and transmission construction 
schedules cannot be met. 

As presently operated (summer 1968), the trans- 
mission system of the southern peninsula of 
Michigan is connected to the remainder of the 
United States via the transmission system of the 
Hydro-Electric Power Commission of Ontario in 
Canada. This arrangement will be reinforced in 
1969-70 when 345 Kv ties will be extended from 
Michigan to interconnect with the United States 
systems to the south. 

Among the advantages of these ties will be—that 
they effectively close a loop, thus eliminating what 
can be broadly termed a radial system, i.e., today 
the northeastern United States (north of the south 
boundary of New York State) is radial to the rest 
of the United States, in turn Canada is radial to the 
United States, and in turn Michigan is radial to 
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Canada. Thus closing the loop provides additional 
paths for normal, economy, diversity and emergency 
interchange; and these additional paths add to the 
systems’ capability to sustain loss of a large generat- 
ing unit or units in Michigan, Ontario or the north- 
eastern United States. The instantaneous inertial 
power flow following the loss of a large unit in 
Michigan, Ontario, or the northeastern United 
States will flow over both routes into the region 
instead of over the present single route via the New 
York State-PJM ties. 

Detailed descriptions of transmission plans for 
each of the Region I study areas are contained in the 
following sections. Figure 14 is a schematic diagram 
of the existing and contemplated EHV transmission 
system. Mileages by voltages classes for the major 
primary lines are shown on Table 17. 


Area A—New England 


The major utility systems of each of the six New 
England states are. presently embarked on a large- 
scale coordinated power supply development pro- 
gram, comprising economical large-size generating 
units interconnected by an extensive 345 kilovolt 
backbone transmission network, known as the Big- 
Eleven Power Loop. This program is scheduled for 
completion by 1972 and is expected to be a major 
factor in counteracting rising power production 
costs in New England. The eleven generating plants 
from which the program derives its name, range in 
size from 350 megawatts to 1,500 megawatts, and 
comprise nuclear, fossil fuel and pumped storage 
plants. 7 


The backbone 345 Kv transmission network will 
form a loop serving major substations accessible 
to points of heavy load concentrations. The 345 
Kv transmission systems will extend from the tie 
with the Pleasant Valley Substation of Consolidated 
Edison Company in southeastern New York State, 
through the heavy load areas of central Connecticut, 
interconnecting with the 600 Mw nuclear generat- 
ing units of the Connecticut Yankee Electric Com- 
pany. The 345 Kv transmission will then extend 
northward and eastward to the heavy load areas of 
Massachusetts, and then to New Hampshire and 
Maine, interconnecting with the 855 Mw nuclear 
generating plant of the Maine Yankee Electric 
Company. Returning from the Maine nuclear unit 
across southern New Hampshire to the southeastern 
corner of Vermont, where it will interconnect with 
the 540 Mw nuclear generating plant of the 
Vermont Yankee Nuclear Power Company, the 345 
Kv transmission then will turn southerly again into 
Massachusetts to interconnect with the 1,000 Mw 
pumped storage plant of Northeast Utilities, Inc. 
From this point the 345 Kv transmission will extend 
both southerly and westerly, closing the loop within 
New England, and also closing a loop through the 
upstate New York systems by a 345 Kv intercon- 
nection near Albany, New York. A complementary 
345 Kv loop will also be formed by connecting the 
Millstone plant of Northeast Utilities with the main 
backbone in central Connecticut and eastern 
Massachusetts. The other large generating plants 
included in the Big-Eleven Power Loop Develop- 
ment will be interconnected with the main loop 


TABLE 17 


Northeast Regional Advisory Committee—Transmission Lines and Average Costs 


Total Miles of Line 


Voltage (KV) 


1970 1980 

New England: 

ce OYE 1 Pi seck ene Cs a rE 767 1, 950 

OD e wR Seer he hon botawe ou Atlairigin' «iofavacapiiew weathes ts 
New York: 

ie Ae papel ated Aes Aen Sa ER 445 

HN ca Ne en eA nN 5 

POO PACD Re TR Eo, cetera a laa a ai. Wie OLN Red oR 
PFM: 

EO ee Baia secre cpio ci oda sts Said 870 1, 600 

LD em aE Sere Ont ites avs sites as 4 chee Ake re 
Northeast Region 

DROR MAG COAG aire wes vias wee Se 1, 212 

SOO Has, i/aatien elise n wi rsiaiane « 875 1, 605 

LSE operon te CRON een ee ROI IEE va oN oe aa Te 


1968 Estimated Cost per Mile 
1990 Right-of-Way Line 


$30, 000-$60, 000 
350 $40, 000-$80, 000 


$50, 000-$85, 000 
$200, 000 


1, 570 $10,000 $100, 000-$220, 000 
5 $50, 000 $200, 000 

870 $75, 000 $200, 000 
2,200 $10, 000-$100, 000 $120, 000-$200, 000 


100 $10, 000O-$100, 000 $200, 000 


3, 960 $10, 000—$60, 000 $50, 000—$220, 000 
2, 205 $10, 000—$100, 000 $120, 000—$200, 000 
1, 320 $10, 000-$100, 000 $200, 000 


1 ®) | DELAWARE 
XY | 


MARYLAND NORTHEAST REGIONAL 
TRANSMISSION SYSTEM 


VIRGINIA 


through 345 Kv ties which will comprise comple- 
mentary loops when other major load areas and 
large generating stations are similarly interconnected 
as the loads continue to grow. 

Development of the Big-Eleven Power Loop is 
being planned jointly by the principal utility systems 
of New England, and is being coordinated internally 
and with the utility systems of New York, to provide 
for all of the utility systems of the Region the ad- 
vantages of reliability and economy from coordina- 
tion of generation and reserves on a large scale. 
Extensions of this 345 Kv system are already being 
studied which will provide further improvements to 
reliability of supply, forming complementary loops 
with the underlying 230 Kv and 115 Kv transmis- 
sion and eventually closing these loops at 345 Kv 
as the loads continue to grow and other large 
generating units are installed. 

As generating unit sizes increase and opportuni- 
ties develop for interchange of larger blocks of 
power with other power producing areas, 765 Kv 
transmission interconnection between the 345 Kv 
systems of New England and the systems of other 
areas will be developed. The 765 Kv transmission 
will extend from Maine through the eastern Massa- 
chusetts area into central New York State and 
beyond, eventually forming loops through southern 
New England, with some ties extending from these 
loops, developing in a manner similar to the present 
development of the 345 Kv transmission, 


Area B—New York State 


New York State, due to its diversity in popula- 
tion density and to its geography, offers some prob- 
lems in transmission expansion during the decades 
of the 1970’s and 1980’s. Transmission will have to 
be built for two separate and distinct purposes: 
(1) to increase reliability through the pooling of 
reserves and the exchange of emergency power and 
(2) to transmit large blocks of power from source 
to load centers within the framework of an over-all 
system designed for optimum economy. 

The present 345 Kv transmission system will 
serve adequately through 1970. Prior to 1980 it will 
be suitably expanded. The growth of the load in 
the western part of the State which will absorb the 
power generated at Niagara and new generation 
added in the eastern part of the state will relieve the 
relatively heavy west to east flow on the cross-state 
345 Kv system. 

As the overall load grows during the 1980's, it 
will be necessary to increase the transmission 


capability in the State. It is contemplated that a 
765 Kv transmission system will connect with New 
England. This system would be extended across 
the State to Niagara where it would enter Ontario 
and eventually connect with the 765 Kv system in 
Michigan. It would also be strongly linked to the 
PJM system both in the central and western parts 
of the State. This would give New York State 
765 Kv interconnections with systems to the south 
and west, and thereby, increase its ability to absorb 
a major system disturbance successfully. This 765 
Kv system would also enable the exchange of 
emergency power, not only between different areas 
of New York State but also with the adjoining areas 
of New England, PJM, and Ontario, thus allowing 
an even greater degree of pooling of reserves with 
neighboring power systems. 

The second function of transmission during the 
1970’s and 1980’s will be the transportation of 
electric power from the site of generation to the 
load. Due to problems associated with air pollution 
and the difficulties in siting nuclear units, it is not 
contemplated that generation can be built within 
large metropolitan areas prior to the end of the 
1970’s. Therefore, it seems probable that extensive 
transmission will be built to transport power from 
outlying generating sites to these large metropolitan 
areas. Since it is difficult and in some cases im- 
possible, to obtain overhead rights-of-way in the 
vicinity of these metropolitan areas, it seems prob- 
able that much of this transmission will be under- 
ground where technically and economically possible. 
It seems that DC transmission should be considered 
as a possible alternate means of transporting these 
large blocks of power underground into the metro- 
politan load centers. 


Area C—PJM Interconnection 


The initial 500 Kv transmission grid associated 
with the Keystone mine-mouth project is being 
completed. A second mine-mouth plant at Homer 
City in 1969 and 1970 will be connected by two 
345 Kv circuits northward, one to Binghamton, 
N.Y. and the second to Erie, Pennsylvania. The 
500 Kv system will be further expanded in the 
1970-71 period as a result of the installation of 
the Conemaugh mine-mouth project. This EHV 
network will facilitate not only the delivery of the 
mine-mouth generation to the east, but also will 
about double the interchange capacity between 
PJM and the adjoining pools (New York State, 
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East Central Area, Carolinas-Virginias Power 
Pool). 

As the system load grows, a larger portion of the 
output from the mine-mouth plants will be absorbed 
by loads in western and central portions of the 
PJM system. However, increasing interpool power 
interchange requirements are expected to call for 
more west-east EHV transmission in future years 
for the purpose of improving system reliability and 
operating economy. 

Presently, a number of large nuclear projects 
with units in the 800-1000 Mw range are being 
either constructed or planned for service in the 
1971-75 period in the PJM area. Most of these 
units are expected to utilize 500 Kv transmission, 
either partly or wholly, as their outlets. The 
advantages for EHV are generally determined by 
the following factors: 

1. Overall economic choice. 
2. Less right-of-way requirements per mega- 
watt of capacity. 

One of the major EHV expansions in the 1971— 
75 period may well be the extension of the 500 Kv 
transmission to the Washington, D.C. area and 
southward to link with the VEPCO’s 500 Kv 
system. This will further integrate the Baltimore- 
Washington area with the rest of PJM and increase 
the north-south interchange capabilities in the PJM 
system. 

Looking beyond 1975, it is anticipated that the 
base-load unit size will increase above the 1000 Mw 
range, although the rate of unit size increase may 
be slower than in the 1965-75 period. However, 
installation of large nuclear units closer to the 
densely populated areas are also expected to become 
acceptable after 1975. Shorter distance of haul of 
power may be the future trend. It is therefore con- 
cluded that the major EHV transmission system in 
the PJM area will remain as 500 Kv through 1990. 

To recapitulate, for the period from now to the 
middle of the 1970’s plant locations and the corre- 
sponding transmission interconnections are already 
largely committed. These reflect heavy use of mine- 
mouth coal burning plants and relatively strong 
(500 Kv) transmission ties from the plants in the 
Pennsylvania and northern West Virginia coal fields 
to the eastern seaboard to deliver the plant output 
to the load centers. 

Subsequently, it is expected that there will be an 
increasing trend toward building nuclear plants as 
near as possible to the load centers. These will tend 


to be concentrated along the east coast from Boston 
to Washington, with secondary concentrations along 
the shores of Lake Ontario and Lake Erie. Pumped 
storage plants to provide economical peaking tend 
to be located somewhat inland in the more rugged 
geographic areas where substantial elevation dif- 
ferences may be found. 

As loads grow and plants are increased in size, 
additional transmission capacity is required to move 
the power from the generation sites to the load 
centers. On the average, the generation sites will be 
closer to the load centers, so that, under normal 
conditions, the loading of some transmission lines 
may be changed so as to have more capability to 
transit emergency power. The possibility, or even 
probability, must be faced that the occasional loss 
of one or more very large units, and probably several 
large units in a single or perhaps two adjacent 
plants will occur. With such an occurrence, if sys- 
tem break-up is to be avoided, there must be suffi- 
cient transmission capacity to bring in adequate 
replacement power. Regardless of the nominal 
amount of spinning reserve available actual power 
demands during the first two or three seconds must 
be supplied from surrounding sources in amounts 
generally proportional to the inertias of the in- 
dividual sources and inversely proportional to their 
effective electrical distances from the point of defi- 
ciency. If the nearby sources are relatively small, 
and the electrical distances to other sources are too 
great, ie., the transmission interconnections too 
weak, the immediate area suffering the power defi- 
ciency will pull out of step with the interconnected 
system thus creating the potential for a power inter- 
ruption. To illustrate, the concentrated load area of 
New York City is expected to have a peak load of 
about 20,000 Mw by 1990, and perhaps to be served 
in part by several units of as much as 2,000 Mw of 
capacity each, probably with two or more units in 
the same plant. Thus, the loss of 4,000 or 5,000 Mw 
of generating capacity practically at the load center 
is not impossible. It is evident that transmission with 
a short-time capacity of about 5,000 Mw more than 
that normally in use would be needed to handle the 
emergency flows that would occur until generation 
could be readjusted. 


The 230 Kv Transmission Network 


Underlying the EHV (765 Kv—500 Kv—345 Kv) 
network existing and proposed in the Northeast Re- 
gion is an extensive transmission system of 230 Kv 
and lower voltages. This large capacity grid is a 
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significant factor in the movement of power through 
the region and achievement of desired levels of 
reliability. As of June 30, 1968, there were some 
4,700 circuit miles of 230 Kv transmission in the 
region. Study Area C (PJM) with about 2,930 cir- 
cuit miles accounts for 62 percent of the total; Area 
B (New York) with 1,150 miles, 25 percent; and 
Area A (New England) with 630 miles, 13 percent. 
Until the advent of EHV, beginning with the intro- 
duction of 345 Kv in New York, the 230 Kv circuits 
constituted the backbone transmission for most of 
the region. 

In addition to existing 230 Kv facilities, about 
1,300 circuit miles were under construction or au- 
thorized as of June 30, 1968, practically all in Area 
C. Undoubtedly, there will be future additions as 
needs dictate. While emphasis in utility planning of 
bulk power supply is on EHV, sub-EHV transmis- 
sion continues to be a major consideration in sys- 
tems optimization with respect to adequacy, quality 
and economy of supply in all parts of the region. 


D.C. Transmission 


The application of HVDC transmission has re- 
ceived much attention in the past few years. The 
primary advantages of HVDC transmission over 
AC are: 

1. Lower cost per KVA for the underwater or 
underground cable or the overhead lines. 

2. Reduced right-of-way requirements. 

3. No increase in AC system short-circuit 
duties. 

4, Accurate control of power flow reducing 
power surges and improving system stability. 

5. Non-synchronous tie between systems. 

However, there are also a number of disad- 

vantages to the use of DC transmission. They are: 

1. High cost of the  converter-inverter 
equipment. 

2. Questionable dependability of the converter- 
inverter equipment. 

3. Operating complexities of multi-terminal 
circuit. 

4. Problems of parallel operation of AC and 
DC transmission systems. 

5. Heavy reactive requirements at receiving 
terminals. 

6. Large land 
stations. 

Up to the present, d-c appears to be confined to 
some limited use for point-to-point delivery of a 
large block of power, either for a long distance or 


requirement for terminal 


for under-water crossing. The approximate break- 
even point between d-c and a-c is in the order of 
400-500 miles for overhead lines and 30-60 miles 
for cable circuits. The mercury-arc conversion 
equipment costs now about now about $20-30/ 
Kw. Presently much research work is in progress 
to develop large-capacity silicon-controlled and 
similar-type rectifiers. It is expected that equip- 
ment of this type will eventually bring conversion 
cost down and thus improve the competitive posi- 
tion for d-c transmission. 

In the Northeast Region, it is our estimate that 
some of the HVDC in the 1980-90 period might 
be desirable. Its use may be confined in general to 
the following applications: 

1. Transmission from generation to metropoli- 
tan areas. 

With increasing difficulties in installing 
the necessary amount of generating capacity 
and acquiring transmission rights-of-way 
in the Boston-Washington megalopolis, d-c 
transmission could offer advantages over a-c 
in some cases because of the d-c capability 
of delivering more power over a confined 
right-of-way or via an underground or 
underwater cable. 

2. Inter-system ties. 

Because of the peculiar characteristics of 
of its power systems and the already existing 
EHV grid, the Northeast Region is not ex- 
pected to require long-distance EHV inter- 
system ties. Short distance d-c ties might be 
useful in the highly compact and developed 
systems in order to: 

a. Reduce short-circuit contribution to each 
system from the other, and 

b. Reduce the power surge problems during 
major system disturbances. 


Aesthetics 


Much has been written on the environmental and 
aesthetic problems facing the utilities today. The 
utilities are aware of these problems and are meet- 
ing them as rapidly as economically practical. 

There is a wide disparity of economic, social and 
aesthetic costs and benefits when considering un- 
derground vs. overhead transmission lines. There 
are areas, primarily in and near high population 
centers, where underground transmission is an ab- 
solute necessity. As population centers grow, more 
underground transmission will be required. 
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In rural or areas of low population density, eco- 
nomics overwhelm aesthetic benefits of underground 
transmission by a wide margin. This is not to say 
that utilities should ignore aesthetics. Steps should 
and are being taken to improve and modify the 
appearance of overhead transmission lines. Such 
improvements and modifications might include the 
following: 

Placement of structures, avoiding hill crests, 
settled, recreational, potentially developing, 
and congested areas. 

Utilization of natural terrain to camouflage 
or make towers and lines inconspicuous. 

Alignment of structures for pleasing effect. 


Screening rights-of-way where roads are 

crossed, or in open view areas. 

Apply aesthetic right-of-way landscaping and 
chemical treatment of shrubs and vegetation. 

Selection of colors, tower styles, etc., which 
have high consumer acceptance. 

Protect wild life and recreational areas. 

Utilize rights-of-way for public recreational 
activities. 

Keep to a minimum the amount of right-of-way 
clearance. 

Because of the large cost differential between 
underground vs overhead transmission, the utilities 
and the customers must face this problem in a 
realistic and meaningful manner. 
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CHAPTER VIII 
COORDINATED PLANNING, OPERATION, AND DEVELOPMENT 


Introduction 

Power development in the Northeast has been 
greatly influenced by large concentrations of popu- 
lation and industrial development. As power de- 
mands increased, new technology was developed 
and adopted. The utility industry was faced, as all 
other industries were, with integrating new tech- 
niques and technology with established equipment 
and procedures. 

As the size of the electric system increased, savings 
could obviously be obtained by use of larger gen- 
erating units, higher transmission voltages, pooling, 
and diversity between areas. Reliability could also 
be improved by strengthening interconnections be- 
tween systems. 

Massive interruptions that occurred in the North- 
east have greatly influenced the thinking of system 
planners and designers, particularly in the develop- 
ment and adoption of criteria aimed at preventing 
a cascading outage. Also, area coordination organi- 
zation to facilitate operation during emergencies, 
communication equipment and standby emergency 
generation have been added to an already sophisti- 
cated system. 

Because work stoppages, legal interventions, and 
other procedural delays have been encountered in 
a high percentage of all recent power projects, 
allowance for these probabilities must be factored 
into lead times for the future. This adds a new di- 
mension to coordinated planning and development, 
to the establishment of reserve margins, and to the 
techniques of coordinated operation during periods 
of generation and transmission nonavailability. 


Historical Developments 

Joint planning between pools in the region has 
been practiced for many years on a scale appropriate 
to the situation then existing. In the early years 
most intercompany planning activity was concen- 
trated on developments within each of the three 
pools, as described below under separate headings. 


However, planning on what is now an inter-pool 
basis began many years ago. 

Joint planning in the region covered by the 
NERAC report has been practiced for many years 
on a scale appropriate to the situation then existing. 
For example, in the 1930's a series of 34.5- and 115 
Kv ties were added. The then existing ties and other 
interconnecting facilities have been used since 1951 
for pooling of reserve capacity, interchange of econ- 
omy energy, and coordination of maintenance pro- 
grams between systems operating in New York and 
PJM. 

In the early 1940’s, in connection with the war 
effort, Consolidated Edison Company and Public 
Service Electric and Gas Company carefully studied 
several alternate 138 Kv ties between their systems. 
Although none of these was established (because of 
small diversity benefits, extremely difficult short- 
circuit current problems, and high costs) a founda- 
tion was laid for cooperative studies between these 
organizations. In 1963 a 138 Kv mutually beneficial 
tie between the two companies across the Arthur 
Kill was established and in 1968 it was converted to 
230 Kv operation. 

The NYPP and PJM companies cooperated very 
closely in planning the EHV interconnection be- 
tween Branchburg and Millwood. This line, in con- 
junction with seven underlying ties between the 
two pools and the Homer City-Oakdale line, will 
make available to NYPP and PJM essentially all of 
the benefits of full coordinated planning that would 
be available in the late 1960’s and early 1970's. 

In consideration of the requirements imposed by 
rapid technological advance, complicated by ex- 
panding human and environmental problems, the 
utilities in the Northeast have already instituted or 
are in the process of developing additional inter- 
related mechanisms of coordination between utility- 
entities, designed to cope with a wide range of 
contingencies. 

The Northeast Region has a long history of co- 
ordination of operation and planning that has led 
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over the years to the formation of: New England 
Power Pool (NEPOOL)?; New York Power Pool 
(NYPP) ; Pennsylvania-New Jersey-Maryland In- 
terconnections (PJM); Northeast Power Coordi- 
nating Council (NPCC) ; and, Mid-Atlantic Area 
Coordination Group (MAAC). Each of the three 
power pools and two coordinating agencies are dis- 
cussed subsequently. 

The existing coordination and pooling agree- 
ments in the Northeast are sufficiently flexible to 
permit the expansion of their membership. The 
Northeast Power Coordinating Council and Mid- 
Atlantic Area Coordination Group agreement 
specifically permit other systems to apply for mem- 
bership provided that their systems have a signifi- 
cant effect on the reliability of the bulk supply sys- 
tem of the area. In June 1968 Burlington Electric 
Light Department, a municipal serving the largest 
city in Vermont became a member of Northeast 
Power Coordinating Council. 

The systems sponsoring the New England Power 
Pool, and the members of the New York Power Pool 
and the PJM Interconnection provide approxi- 
mately 97.3 percent of the total energy production 
in the Northeast Region, and they directly serve 
approximately 95.8 percent (in Kwh) of the total 
regional loads. The remaining 4.2 percent is served 
by 63 investor-owned utilities, 190 municipals and 
other publicly-owned systems and 30 REA Coopera- 
tives. The electric systems that are not members of a 
power pool are relatively small. In 1967, the largest 
unaffiliated investor-owned system had a peak de- 
mand of 162 Mw, the largest unaffiliated publicly- 
owned system had a peak demand of 50 Mw and the 
largest REA Cooperative had a peak demand of 72 
Mw. 

Except for a few completely isolated systems, non- 
pool members with generation participate in vary- 
ing degrees of coordination with larger neighboring 
systems. Of these smaller enterprises a few rely en- 
tirely upon their own generation, including reserve 
requirements, with little or no use of interconnec- 
tions except during emergencies. A few others share 
capacity reserves and participate in economy energy 
transactions with neighboring systems. The remain- 
der of these small systems with generation have ne- 
gotiated a variety of arrangements which fall be- 
tween these two limits. When NEPOOL goes into 
operation, it is expected that small systems will have 
the opportunity to purchase capacity from large 


*In the final stages of formation. 


generating units planned to meet New England’s 
total load growth and to carry capacity reserves de- 
termined in the same manner for all electric utilities 
in New England. 

Longer-range plans and generation additions 
have been based on further joint planning. It is 
anticipated that full benefit from exchanges of 
power, reduction in reserve, and optimum unit 
size will be achieved through increased coordination 
as opportunities become available in the future. 

Evolution in the area covered by NERAC has 
been toward the creation of three large pools 
(NEPOOL, NYPP, and PJM), with full coordi- 
nation within each pool and close coordination with 
all adjacent pools, not merely among these three. 

It is by no means axiomatic that “full” (as con- 
trasted with “close’) coordination between the 
three NERAC pools is a desirable social or economic 
goal. Reflection on the realities of power pooling 
suggests that there is some optimum size for a power 
pool. The benefits of system interconnection and 
coordination (power pooling) are well-known and 
amply documented: 


1. Lower installed reserve requirements. 

2. Ability to install larger generating units. 
3. Lower spinning reserve requirements. 
4. Ability to interchange economy energy. 


The penalties have not been given the same em- 
phasis, but they do exist: 


1. Increase transmission requirements. 

2. Organization complications. 

3. Larger area to be affected by system 
disturbances. 

4. Complexity of operation. 

As the electrical size of a power pool increases 
(say, by additional interconnection and agree- 
ments), the incremental benefits gradually become 
smaller and the incremental penalties become larger. 
Thus, some optimum size exists. 

The three pools in the area covered by NERAC 
are all within the 15,000- to 30,000-Mw range 
which has been indicated ? as the optimum pool size 
for conditions prevailing in this section of the coun- 
try during the early 1970’s. Whether this will con- 
tinue into the 1980’s depends upon trends in the 
influencing factors, listed above, which are very 
difficult to forecast. 


*CIGRE Paper 32-09 (1968), Relationship Between 
Pool Size, Unit Size, and Transmission Requirements. J. A. 
Casazza and C. H. Hoffman. 
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These three pools are already well-coordinated 
internally, with each other, and with neighboring 
systems. The goal for the foreseeable future is not 
to seek in the Northeast one monolithic “fully- 
coordinated” pool in which the committee structure 
would be unmanageably large, but rather to pro- 
mote ever-closer coordination within units of viable 
size with close—but not full—coordination with all 
neighboring pools. In particular, PJM’s relationship 
with the systems to the west and south, systems which 
like PJM now have 500 Kv as their backbone trans- 
mission voltage, should be at least as close as its 
relationship with the 345 Kv backbone systems to 
the north and east. 

In recent years many planning studies have been 
conducted between adjacent pools through inter- 
pool task forces. This has led to the installation of 
new interarea ties which has resulted in the develop- 
ment of a stronger and more reliable transmission 
system. 

The transfer capability between pools has in- 
creased, and this has enabled each pool to reduce 
its generating reserve capacity below what would 
otherwise be required and to increase economy in- 
terchanges. Further coordinated planning studies 
are expected to verify the need for specific trans- 
mission and interconnection facilities of the general 
scope and scale depicted in Chapter VII, and on the 
Northeast Regional Transmission System map 
(Figure 14). 

Numerous joint planning studies are now in 
progress among the three NERAC pools and be- 
tween them and neighboring systems. The results 
of many planning activities in New England and 
New York are tested by the Northeast Power Coor- 
dinating Council (NPCC). An NPCC-PJM study 
group is working on long-range plans affecting those 
two regions and another very active interregional 
study group is concerned with coordination of plans 
of PJM and adjacent systems in the ECAR and 
CARVA areas. In this way a very close coordination 
of plans is being accomplished without the paralyz- 
ing effect of trying to have all systems represented 
directly on all committees. 

The effect of the ties between pools has been 
recognized for many years in capacity planning 
studies. The effect is computed in terms of each 
pool’s capacity benefit which results from the pool- 
ing of large systems. These benefits then result 
in a reduction of each pool’s installed reserve 
requirement. 


The projected forecast of generating capacity re- 
quirements is based on a continuance of this coop- 
eration and communication between adjacent pools. 
Benefits between pools will continue in the future 
and will be facilitated by the formulation of new 
agreements such as the forthcoming NYPP-PJM 
agreement. Forthcoming agreements between coor- 
dinating organization will further improve coor- 
dination of reliability matters. 


Future Patterns 


It is difficult to forecast the future pattern of co- 
ordination. If only technological factors were to be 
considered, some of the present enterprises would 
be regrouped into larger but fewer organizations. 
Outright merger or consolidation is one way for this 
to take place, but whether the social and economic 
climate will tend to promote such action is difficult 
to foresee. Many, if not most, of the advantages of 
scale can be achieved by pooling, but this is truly 
an evolutionary process because of the com- 
munications problems inherent in this type of 
relationship. 

It is interesting to note that the first affiliation 
since the Utility Holding Act occurred in the North- 
east, between Connecticut Light & Power, Hartford 
Electric, and Western Massachusetts Electric to 
form Northeast Utilities. This affiliation now in- 
cludes Holyoke Water Power Company. Recently 
Boston Edison, New England Electric, and Eastern 
Utilities Associates have announced plans to merge 
into a new enterprise to be known as Eastern Electric 
Energy System. Merger of Community Light and 
Power Company into Central Vermont Public 
Service is also in the implementation stage. No other 
mergers or affiliations have been announced in the 
Northeast Region. 

In a continuing effort to optimize bulk power 
supply economies and to achieve increasing stand- 
ards of reliability, coordinated planning and devel- 
opment has been extended over broader geographic 
and electrical load areas. As technological improve- 
ments continue in the development of generator 
unit sizes, EHV transmission, digital computers, 
communications, and in other aspects of power sup- 
ply technology and methodology, the factors in- 
fluencing optimum pool size in the Northeast 
Region, and the relationship among coordinating 
organizations, will continue to be reviewed and 
evaluated. 
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Reliability 


A major focus of electric utility executives, plan- 
ners, and system operators has always been, and 
will continue to be, to provide reliable electric serv- 
ice. Reliability is neither a new problem nor a new 
need. Neither is it a new objective of the industry. 

Reliability of a bulk electric power supply system 
is measured by the availability of a continuous and 
uninterrupted supply of electric power. Our highly 
industrialized society has placed increased depend- 
ence on continuous uninterrupted service, the loss of 
which creates ever increasing hardships, especially 
in densely populated metropolitan areas. 

Outages of individual components such as a 
generating unit, transmission line, transformer, or 
circuit breaker should not result in widespread in- 
terruption of service if the system is properly 
planned, designed, and operated. 

The inherent reliability of a system is also in- 
creased by properly planned and coordinated pool- 
ing among neighboring areas with adequate inter- 
connected transmission capable of withstanding 
severe system disturbances. 

The more important principles involved in the 
planning and design of a system providing a high 
degree of service reliability are: 

1. Generation and transmission should be 
planned on a coordinated basis providing 
sufficient reserve margins, over and above 
the normal energy generation and trans- 
mission functions, to allow for scheduled 
and forced outages and other abnormal 
contingencies. 

2. A proper balance should be maintained be- 
tween generating unit and station sizes, 
system load, and transmission voltages and 
capabilities. 

3. Planned switching arrangements, relaying, 
and protection schemes should be evaluated 
to minimize hazards and assure system re- 
liability. 

4. Power flow, stability, and other related 
studies should be carried out regularly on 
a coordinated basis covering current oper- 
ating conditions. 

5. Power flow, stability, and other related 
studies should be carried out covering fu- 
ture system performance. 

6. Power flow studies of steady state conditions 
should be examined under both normal and 
abnormal conditions representing reason- 


10. 


ably foreseeable contingencies of transmis- 
sion and generating equipment outages. 
Transient and post transient stability studies 
should be carried out to examine the impact 
of severe faults or major power swings at all 
critical locations on the network. 

Where there are inter-ties between co- 
ordinated areas, there should be an ex- 
change of plans and system performance 
studies should be carried out between such 
areas. 

To the maximum extent practicable, sys- 
tem plans should assure a reasonable dis- 
tribution of generation and interconnec- 
tion capability within the coordinated 
area. 

Construction should be initiated with suf- 
ficient lead time to allow for work stop- 
page, legal intervention, and other delays. 


The important principles involved in the opera- 


tion of 
sure a 
follows: 


1; 
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an electric bulk power supply system to as- 
high degree of service reliability are as 


All existing switching arrangements, relay- 
ing, and protection schemes should be care- 
fully evaluated to minimize hazards and 
assure system reliability. 

Adequate communication facilities should 
be available at all times, both within indi- 
vidual systems and between systems, to as- 
sure that the data transmitted are accurate 
and are available during emergency condi- 
tions. 

Adequate spinning capacity, properly dis- 
tributed, should be maintained among 
generating units throughout the coordinated 
area. 

Adequate local emergency power sources 
should be provided to permit safe shut-down 
and restarting of generating equipment in an 
emergency, and to maintain power supply 
to essential communication services, and 
to continue the operation of control and 
dispatch centers during emergency periods. 


. Automatic load shedding should be available 


as a means of averting widespread outages 
in the event of a combination of extremely 
improbable contingencies. 

Continual training of all operating person- 
nel should be practiced together with ade- 
quate written instructions, particularly for 
meeting emergencies. 


7. Adequate and up-to-date operating instruc- 
tions should be available, coordinated where 
necessary on a inter-system basis. 

8. Sources of operating energy for all key cir- 
cuit breakers in the form of compressed air 
or auxilitary electric power should be main- 
tained. Such an auxiliary source of energy 
should be considered as part of the facilities 
required to restore the system after a 
shutdown. 

9. Instrumentation that can adequately present 
normal system conditions with scales suitable 
for recording conditions which exist during 
major disturbances should be provided at all 
strategic points of operation and control. 
Telemetered indication of tie line power 
flows between areas most likely to become 
separated should also be provided. 

Reliability of planning, design, and operation is 
promoted throughout the NERAC area through 
both the pools and the coordinating organizations. 

The pools in the region are listed below and their 
organizational relationship are shown in Appendix 
1D; 

New England Power Pool (NEPOOL). 

New York Power Pool (NYPP). 

Pennsylvania-New Jersey-Maryland Intercon- 

nection (PJM). 

The coordinating organizations, shown in Ap- 

pendix D are: 


Northeast Power Coordinating Council 
(NPCC). 

Mid-Atlantic Area Coordination Agreement 
(MAAC). 


The pools are concerned with the most economi- 
cal planning and operations feasible after giving 
primary consideration to intra-pool, intraregional, 
and interregional reliability, while the Northeast 
Power Coordinating Council and the Mid-Atlantic 
Area Coordination Agreement groups’ major thrust 
is in the direction of testing long range plans for 
bulk system security and reliability. 

Standing committees and various task forces have 
been organized by NPCC and MAAC to establish 
and implement procedures for testing the effect of 
proposed generation and transmission facilities on 
the reliability of the interconnected systems. Since 
these organizations have been in existence for a 
relatively short period of time, it has not been pos- 
sible for member systems to fully implement all of 
the important principles involved in planning, 
design and operation of the regional bulk power 


supply system previously enumerated. It is antici- 
pated that by the early 1970’s all of these principles 
will have been implemented fully. In the meantime 
specific actions which have been taken to improve 
the reliability of the northeast bulk power supply 
system include: 

1. The application by 1969 of automatic load 
shedding equipment throughout the North- 
east region. 

2. Installation of improved metering and in- 
strumentation and communication systems. 

3. Provision of emergency power sources to 
maintain essential communications, control 
center services, and safe shut-down of gen- 
erating equipment, and to permit rapid 
restoration procedures. 

4. Improvement in emergency 
procedures. 

5. Installation of or provision for advanced 
system control computers by each of three 
pools. 

6. In addition to changes such as_ those 
enumerated above, all of the major systems 
of the Region participate in comprehensive 
joint studies which examine the stability of 
the networks under contingency conditions 
believed to impose the worst stresses to be 
expected in patterns of future operation, 
and plans are being developed to minimize 
the spread of any interruptions that may 
result. 

As loads continue to grow and large generating 
units become more prevalent, additional transmis- 
sion capability (intra- and inter-regional) will be 
required. Within the region, it is anticipated that 
the tie-lines between the New York area and the 
PJM area will have a power transfer capability of 
2,500 Mw by 1980 and 6,000 Mw by 1990. Tie- 
lines betwen the New York area and the New Eng- 
land area are expected to have a power transfer 
capability of 2,000 Mw by 1980 and 5,000 Mw by 
1990. In addition to these intraregional transfer 
capabilities, New York has major ties and a close 
operating relationship with Ontario Hydro in 
Canada. Likewise, PJM is strongly-linked with the 
East Central and Southeast Regions at 500 Kv. 


operating 


Pools 
New England Power Pool (NEPOOL) 


The electric utilities of New England have a long 
history of coordination of operations stretching 
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back to the early 1920’s when the Montaup Electric 
Company and the Connecticut Valley Power 
Exchange were established. This tradition of 
cooperation has continued to the present with such 
organizations as the Connecticut Valley Electric 
Exchange (CONVEX) and such cooperative ven- 
tures as the series of “Yankee” atomic plants. 

These cooperative ventures encouraged staggered 
construction of larger generating units for the bene- 
fit of electric utilities throughout New England. 
Numerous bilateral agreements provided for the 
sale of excess capacity from new units (unit sales) , 
extensive exchanges of economy energy and the use 
of intervening transmission facilities. All of these 
activities have served to accelerate the degree and 
scope of coordinated planning and operation. 

As additional coordination experience was gained, 
it became clear that an area approach to joint 
planning and operation was needed to develop 
a reliable and efficient bulk power supply system, 
wherein the benefits and responsibilities would be 
equitably apportioned. This led to the recent devel- 
opment of the Draft Agreement for a proposed New 
England Power Pool (NEPOOL). The proposal is 
sponsored by the nine largest electric companies in 
New England: Boston Edison Company, Central 
Maine Power Company, Central Vermont Public 
Service Corporation, Eastern Utilities Associates, 
New England Electric System, New England 
Gas & Electric Association, Northeast Utilities, 
Public Service Company of New Hampshire, and 
United Illuminating Company. The sponsors of 
the NEPOOL Agreement invited all the New Eng- 
land utilities, both public and private, to a meeting 
where the provisions of the Draft agreement were 
aired. 

The proposed New England Power Pool Agree- 
ment makes no attempt to impose restrictions on 
companies or agencies who are not planning to 
participate in the proposed Agreement. The non- 
participants will not be required to maintain 
reserve capacities that may be called for in the 
Agreement. Any reserve carried by these companies 
or agencies will be agreed upon by direct negoti- 
ations with their interconnecting company. 

The proposed agreement involves a number of 
pooling concepts. The objectives of NEPOOL are: 

1. To attain for New England maximum 
practicable economy consistent with proper 
standards of reliability in the generation 
and transmission of bulk power through 
joint planning, central dispatching, and 


coordinated operation and maintenance of 
generation and transmission facilities. 

2. To provide for equitable sharing of the 
resulting benefits and costs. 

3. To provide a means for more effective 
coordination with other power pools. 

An Interim Planning Committee has been acti- 
vated as a first step toward an ultimate NEPOOL 
Planning Committee. This planning committee will 
be composed of representation from each of the 
larger utilities, one individual to represent all of the 
qualifying smaller investor-owned utilities, and 
one individual to represent all of the qualifying 
smaller government or cooperatively owned utilities. 
NEPOOL planning of bulk power supply for the 
region is expected to require a full-time staff of 
NEPOOL planners operating in continuous liaison 
with planning engineers of pool participants. 


NEPOOL Operations 


In order to implement the joint dispatch phase 
of NEPOOL, a skeleton staff was appointed on 
July 1, 1967 to set up a New England Power Ex- 
change (NEPEX). This center is expected to be 
fully operational in early 1970. It will be a com- 
puterized dispatch center directing the minute-by- 
minute operation of the bulk transmission and 
generation system of New England. Generating 
capability for which NEPEX will be responsible 
when operation begins will be some 13,000,000 kw. 

NEPEX, to be located at West Springfield, Mas- 
sachusetts will direct operations through four com- 
puterized satellite centers: 

Southington, Connecticut (CONVEX—Con- 
necticut Valley Electric Exchange) 

Westboro, Massachusetts (EMVEC—Eastern 
Massachusetts-Vermont Energy Control) 

Manchester, New Hampshire 

Augusta, Maine 

The Master-Satellite system provides reliability 
in that loss of the master will not render the system 
inoperative. 

The computer control system for which an order 
was placed on April 1, 1968 will be programmed 
to perform the following functions for all New 
England: 

1. Load Frequency Control 
. Economic Dispatch 
. System Monitoring and Alarming 
. Logging and Reporting 
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. Operator Information 
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6. Input Review (sequence of events output 
associated with system disturbances) 
7. Load Flow 
8. Maintenance Scheduling 
9. Interchange Billing 
10. Predictive Load Flow 
11. Optimized Daily Forecast 

The latter two functions are developmental in 
nature. The predictive load flow program will be 
activated automatically by contingencies and will 
alarm the operator of potentially dangerous situa- 
tions associated with the next subsequent contin- 
gency or contingencies. The optimized forecast will 
coordinate four different river systems with pumped 
storage, nuclear thermal,.and conventional thermal 
generation into unit commitment schedules for 
maximum economy of all generation sources in New 
England. 

A comprehensive communications system to 
provide three reliable forms of communications 
between the master and the satellites is being devel- 
oped. In addition, equipment has been ordered for 
a data link to transmit control, transmission system, 
and computer update information and a backup 
telemetering system is being evaluated. 

Continuous coordination is being maintained in 
the development of NEPEX with the New York 
Power Pool contro! dispatch organization. Com- 
munization, telemetering, computer control and 
operating procedures will continue to be coordi- 
nated to assure compatibility on a regional basis. 


NEW YORK POWER POOL (NYPP) 


In New York State early bilateral agreements 
were expanded into pool operations as the capacity 
of interconnections increased. About thirty-five years 
ago Consolidated Edison, relying solely upon ther- 
mal generation, began interchange of emergency 
and economy energy with the predecessor company 
of the present Niagara Mohawk Power Corporation 
which had developed a substantial amount of hydro- 
electric capability. These arrangements were subse- 
quently extended to include other companies. By 
1961, the four companies serving southeast New 
York were also operating under a pool arrangement. 
These developments eventually led to the formation 
of the New York Power Pool, which was activated 
formally on September 1, 1966. The Power Au- 
thority of the State of New York, a State govern- 
ment agency, became a member of the pool 
October 11, 1967. 


At present, seven large investor-owned systems 
and the Power Authority of the State of New York 
(PASNY) make up the membership of the New 
York Power Pool. These eight pool members pro- 
vided 99.5% of the electric energy generated in the 
state in 1967. The investor-owned members of the 
pool supply the bulk of the demand and energy 
requirements of the five small investor-owned sys- 
tems, one federal, and eleven municipal systems in 
the state. The Power Authority sells its power in 
wholesale amounts to 3 upstate members of the 
Pool, 41 municipal and cooperatively-owned elec- 
tric systems in New York State, 1 cooperative in 
Pennsylvania, 3 industrial plants in Massena; 
Plattsburgh Air Force Base, and the State of Ver- 
mont—a total of 50 wholesale customers. Approxi- 
mately one-half of the St. Lawrence power is sold 
directly to industries located adjacent to the St. 
Lawrence Project and one-third of the Niagara 
power is sold to two upstate Pool members for the 
express purpose of supplying industries in the 
Niagara Frontier area. The generating and trans- 
mission facilities of PASNY are closely integrated 
with those of the three upstate companies on a day- 
to-day basis. 

In May, 1968, the New York State legislature 
passed a law which permits PASNY to construct 
and operate pumped storage developments and nu- 
clear plants in its service area. PASNY is authorized 
to enter into contractual arrangements with utility 
companies with respect to (a) construction and 
operation of pumped storage facilities and supply 
of all or part of the necessary pumping energy by 
the utilities and their purchase of all or part of the 
output, (b) construction, ownership and/or opera- 
tion of base-load nuclear generating facilities and 
disposition of the output, and (c) construction, 
ownership, operation and/or use of transmission 
facilities. 

Although PASNY supplies power to only three 
members of the Pool, benefits of its peaking capacity 
are passed on to all of the State’s utilities through 
the coordinated operations of the Pool. 

The New York Power Pool agreement formalized 
and extended the coordination of planning and 
operation which had been carried on for many years 
by seven major utility companies of the state. The 
agreement replaced two smaller power pools and 
certain interchange contracts between individual 
utility companies. 

As a member, PASNY does not participate in 
the commercial aspects of the NYPP operations. 
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However, PASNY does participate in the reliability 
and planning functions of the Pool. These functions 
include: Generation coordination, transmission line 
outage scheduling, participation in the cost of the 
master control center now under construction, and 
coordination of new generation sites and transmis- 
sion facilities. 

All municipal systems having generating resources 
of their own, schedule and operate their generating 
facilities in a manner that will limit their demand 
requirements from others to a minimum. 

None of the five cooperatives and only a few of 
the municipal systems have generating facilities of 
their own. The City of Jamestown’s 58 Mw steam- 
electric generating plant is the largest municipal 
generating facility in the state. Jamestown’s reserve 
capacity requirements are normally supplied intern- 
ally; however, the city does buy supplemental power 
from Niagara Mohawk whenever necessary. 

The second municipal generating facility in size 
is the 27 Mw diesel plant of Rockville Centre. The 
contract between the Village of Rockville Centre 
and Long Island Lighting Company is primarily 
an emergency interchange agreement, since the 
interconnection is normally open. The contract also 
provides for an obligation for Rockville Centre to 
maintain an installed reserve capacity equal to four- 
teen percent of the highest experienced peak load 
in the preceding twelve-month period. 

The third largest municipal generating facility is 
the 13 Mw diesel plant of the Village of Freeport. 
The power contract between the Village of Free- 
port and Long Island Lighting Company has in- 
cluded in its terms an obligation of Freeport to 
maintain installed reserve capacity of fourteen per- 
cent of its forthcoming estimated Summer and 
Winter peak load. This is the same obligation, in 
percent of peak load, assigned to Long Island Light- 
ing Company by the New York Power Pool. The 
Village of Freeport thereby covers its proportionate 
share of installed reserve that otherwise would be- 
come an obligation of Long Island Lighting Com- 
pany under the New York Pool Agreement. 

The purpose of the New York Power Pool is to 
coordinate the development and operation of the 
production and transmission facilities of its members 
to obtain optimum reliability and efficiency of 
operation of their interconnected systems. 

The Pool functions through a committee structure 
consisting of a Managing Committee, a Planning 
Committee, and a Operating Committee. The 


Managing Committee administers the Pool agree- 
ment. 

The Planning Committee coordinates the plan- 
ning of additional generating capacity and the 
interconnecting transmission facilities and reports 
upon future load requirements. The committee also 
makes system studies and sets system design 
objectives. 

The Operating Committee establishes rules and 
procedures to coordinate the operation of the pool, 
formulates uniform standards and procedures for 
the determination of costs, establishes maintenance 
schedules, and determines reserve requirements and 
load relief. The committee also administers pool 
billing and central dispatch and computer 
application. 

The pool has already adopted uniform procedures 
for action in a major emergency including the in- 
stallation of automatic load reduction equipment to 
operate under defined objectives to be used by its 
members in the further development of the State’s 
interconnected power system. 


NYPP Operations 


The Pool has recently announced plans for the 
installation of an energy-control center near Albany 
which will direct the electric power generation and 
transmission throughout New York State. The co- 
ordination of the operating of the State’s presently 
installed capacity is provided by two dispatching 
centers whose functions are more limited than those 
to be assigned to the new control center scheduled 
for operation in June 1969. 

At the center, a state-wide picture of electric 
generation, customer demand, and reserve capacity 
will be maintained continuously so that in an emer- 
gency additional amounts of power can be routed 
immediately to the area where it is needed. The 
electric energy requirements of the Pool members 
will be dispatched on an economy basis. The total 
cost of the center and the high speed communica- 
tion links between it and the Pool members will be 
over $3,000,000. 

Communication circuits will link the center with 
the power dispatching headquarters of each mem- 
ber of the Pool and with neighboring pools in 
Pennsylvania-New Jersey-Maryland, New England, 
and Ontario, Canada. Status reports on power out- 
put, customer requirements and other data will be 
made continuously by each company to the center 
over the high speed communications circuits. A 
completely computerized arrangement will permit 
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the control center to supervise continuously the 
loading of generation and transmission systems, in- 
sure reliability of service, and meet the normal and 
emergency needs of all customers most efficiently. 

The Power Control Center will have a continuing 
responsibility for scheduling sufficient generating 
capability to supply reliably and economically the 
Pool loads including the Pool spinning reserve re- 
quirements and including contractual obligations to 
others. The Center will continuously monitor the 
operating parameters of the Pool and take such 
action as is necessary, will keep informed of load 
and capacity conditions in neighboring systems or 
pools, and will advise member companies and neigh- 
bors of unusual conditions within or without the 
Pool. Pool personnel will supervise transmission 
voltages throughout the Pool and direct such action 
as may be necessary to maintain desired voltage 
levels. 

The center will administer the maintenance 
schedule for generating equipment, coordinate 
deviations therefrom, and will coordinate requests 
for maintenance outages of transmission facilities, 
recognizing their effect on overall system reliability. 
It will also coordinate operations during and follow- 
ing system disturbances affecting the Pool. 

The on-line functions of the Power Control Cen- 
ter computer which is to be a part of the installed 
equipment in addition to providing the economic 
dispatch aspects, will include, as appropriate and 
obtainable with the most modern sophisticated com- 
puter designs, necessary checks and data provisions 
for system security. Among the detail items under 
consideration are: 

Load and stability investigations; 

Status logging and alarming of unusual loading 
conditions; 

Spinning reserve checks; 

Control of generating and voltage regulating 
equipment. 

In addition to billing, scheduling energy and 
capacity transactions among the Pool members, op- 
timizing the use of pumped storage generation, and 
evaluating interchange transactions with neighbor- 
ing pools, the off-line functions will include unit 
commitment schedules, investigation of generator 
and transmission line planned outages, short-term 
load forecasting, and contingency studies relating to 
unusual system conditions. 

The New York Power Pool is currently negotiat- 
ing an agreement with PJM setting forth their re- 
spective rights and obligations with respect to the 


coordinated development and operation of their 
electric capacity and of energy flow between the two 
groups in order to obtain improvement in reliability 
of service to the public and reduction in cost. This 
agreement will supersede an existing agreement 
between the PJM Interconnection, Niagara Mo- 
hawk and New York State Electric and Gas. 

Under the New York Pool arrangement, each 
member continues to be fully responsible for main- 
taining adequate electric generating capacity and 
transmission facilities within its own service area. 

However, the Pool operation will enable the com- 
panies to mutually determine the best location, size, 
timing, and required transmission for new generat- 
ing units. Fewer sites should be required and the 
companies will be able to build larger and more ef- 
ficient generating units, thus reducing capital costs 
with the attendant savings to the electric customers 
in the state. 


PENNSYLVANIA-NEW JERSEY-MARYLAND 
INTERCONNECTION (PJM) 


The Pennsylvania-New Jersey-Maryland Inter- 
connection is the outgrowth of a three-party agree- 
ment made in 1927. It is a formal power pool includ- 
ing a total of twelve operating companies. The bulk 
power system of each company is planned, devel- 
oped, and operated as an integral part of PJM. 
Eight of the companies are separate corporations 
operating under their respective managements. 
Four of the companies are operating subsidiaries of 
one holding company. As in the case of the original 
three-party interconnection, PJM is operated under 
a one-system concept as a single control area with 
minute-to-minute economic dispatch of generation 
and with essentially free-flowing ties. 

PJM functions under a written agreement that 
sets forth the rights and obligations of the partici- 
pants and establishes the basic organization and cen- 
tral operating office. Nine of the companies are 
signatories to this agreement, Three companies are 
included in the power pool through separate agree- 
ments with two of the signatories to the main 
agreement. 

The twelve operating companies are combined 
into the six member systems as follows: 

Public Service Electric and Gas Company * 
Philadelphia Electric Company Group 
Philadelphia Electric Company * 
Atlantic City Electric Company 


* Signatories to the PJM Agreement. 
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Delmarva Power & Light Company 
Pennsylvania Power & Light Company Group 
Pennsylvania Power & Light Company ° 
UGI Corporation 
Baltimore Gas and Electric Company * 
General Public Utilities System 
Jersey Central Power & Light Company * 
Metropolitan Edison Company * 
New Jersey Power & Light Company * 
Pennsylvania Electric Company * 
Potomac Electric Power Company * 

The three operating companies which are not 
signatories to the main agreement are represented 
indirectly on the PJM Management Committee by 
virtue of the separate agreements between Atlantic 
City Electric Company and Philadelphia Electric 
Company, between Delmarva Power & Light Com- 
pany and Philadelphia Electric Company, and be- 
tween UGI Corporation and Pennsylvania Power & 
Light Company. On all other PJM committees 
and sub-committees they are either represented in- 
directly in a similar manner or—as in many cases— 
directly with their own personnel. 

PJM serves a population of approximately 20 
million in an area of 48,000 square miles. This 
covers three-quarters of Pennsylvania, almost all of 
New Jersey, more than half of Maryland, all of 
Delaware and the District of Columbia, and a small 
part of Virginia. PJM’s 1967 summer peak load was 
18,355 megawatts. 

More than 99 percent of the generating capacity 
in FPC Power Supply Areas 5 and 6 is represented 
by the six member systems of PJM, their subsidi- 
aries, and their associates. The remaining fraction 
of 1 percent of capacity is contributed by 13 other 
systems, the largest of which is Vineland municipal 
with less than 0.3 percent of the total. All of the 
other 12 systems are smaller than several of the larg- 
est industrial customers in the area with self-gener- 
ation. Because these systems are so small, they have 
no substantive effect on area reliability, capacity 
planning, or operation. From the pool’s viewpoint, 
there is no engineering or financial benefit through 
inclusion of these very small systems in the power 
pool, since their scale of operations does not con- 
tribute any reduction in overall cost to the area 
which is not already available within PJM. 

Most of these small systems are customers, for at 
least part of their load, of PJM companies. To the 
extent they are such customers, they realize—as do 
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all industrial, commercial, and residential custom- 
ers—the benefits resulting from coordinated plan- 
ning and operation, without having to participate 
directly in the functioning of the pool. As custom- 
ers they have no reserve capacity obligation to the 
PJM companies serving them. 

PJM has an extensive and active organization 
which deals continuously with matters of policy, 
planning and engineering, and operations. Over 
the years the working contact of personnel with 
each other, with system requirements, and with 
PJM objectives has lead to very effective cooper- 
ation, accomplished through committee activity. The 
following briefly outlines the various committees 
and their functions: 

The Management Committee is comprised of one 
representative from each of the six member sys- 
tems. This committee is charged with the overall 
direction of PJM. Three standing committees re- 
port directly to the Management Committee. These 
are the Planning and Engineering, Maintenance, 
and Operating Committees, which are described 
below. 

The Planning and Engineering Committee is 
comprised of representatives of all systems. This 
committee is responsible for determining PJM re- 
quirements for installed generating capacity and 
major transmission and conducts such PJM and re- 
gional coordinated planning studies as may be 
required. The chairman, appointed by the Manage- 
ment Committee, serves for a two-year term. The 
associated subcommittees and their activities are 
given below: 

1. The Program Development Subcommittee 
develops and maintains computer programs 
for the other subcommittees. 

2. The Relay Subcommittee has full responsi- 
bility for reviewing and updating PJM relay 
protection criteria and practices for inter- 
connection ties and associated transmission 
circuits. It will issue periodic reports of relay 
settings on lines affecting the reliability of 
PJM operation. The Subcommittee is also 
responsible for reviewing relay testing and 
has established a uniform PJM program. 

3. The Power Plant Design Subcommittee esti- 
mates future forced and schedule outage 
rates for existing and proposed generating - 
units. It also prepares cost estimates for PJM 
planning studies on a consistent basis. 

4. The Transmission and Substation Design 
Subcommittees develops methods for estab- 
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lishing the maximum safe power-carrying 
capability of important transmission lines 
and equipment and prepares cost estimates 
for PJM planning studies on a consistent 
basis. 

5. The Communications and Control Subcom- 
mittee reviews future communication facili- 
ties and the automatic dispatch and data 
transmission systems and makes recom- 
mendations on required additions and 
changes. 

6. The Capacity and Transmission Planning 
Subcommittee makes coordinated planning 
studies of PJM reserve requirements gen- 
erating capacity additions, major transmis- 
sion additions and interconnections with 
power systems outside of PJM. 

Coordinated planning studies are conducted by 
the Capacity and Transmission Planning Subcom- 
mittee. Several of the other subcommittees provide 
data for the coordinated planning studies. The use 
of these subcommittees to provide the data for the 
studies assures that all PJM data are on a consistent 
basis. Coordinated planning studies are made of 
PJM reserve requirements, generating capacity 
additions, major transmission additions and inter- 
connections with power systems outside of PJM. 

A PJM 10-year load and capacity forecast is 
issued every year, based upon the forecasts of the 
individual systems. The report contains PJM peak 
load forecasts, installed capacity reserves and calcu- 
lated PJM reliability. The PJM reliability is based 
upon the scheduled capacity additions as projected 
and is developed from detailed studies which in- 
clude representation of the generating units and 
load of PJM and the adjacent systems to which 
PJM is interconnected and which recognizes the 
interconnection transfer capability between PJM 
and the adjacent systems. 

Coordinated studies are made periodically of 
PJM long range capacity requirements. The pur- 
pose of these studies is to develop general guides 
for the capacity expansion of PJM on a coordinated 
basis. These guidelines provide the preferred types, 
sizes, sequence, and general location for PJM 
capacity additions. 

The Keystone Project evolved from the 1961 
plan and is an example of how PJM members have 
been coordinating their plans on a voluntary basis. 
The Keystone mine-mouth generating station, near 
Indiana, Pennsylvania has a capacity of 1800 mega- 
watts. It is owned by seven companies as tenants 


in common and is operated by Pennsylvania Electric 
Company as an agent for the owners. The associated 
transmission system consists of six transmission sub- 
stations and some 600 miles of 500 Kv line con- 
necting Keystone with load centers in central and 
eastern Pennsylvania and in New Jersey and Mary- 
land and with adjacent power pools. Carrying 
charges on transmission facilities are shared partly 
in proportion to generating station ownership and 
partly in proportion to system load. 

Transmission plans that are developed by an in- 
dividual PJM member or by two or more members 
through joint studies are also coordinated on a PJM 
basis. The purpose of the PJM studies is to confirm 
that the projected plans developed by one or more 
members on a local basis do not adversely affect 
PJM as a whole. Planning criteria for normal and 
maximum credible contingencies were adopted in 
1966. PJM planning criteria are being revised to 
meet the requirements of the MAAC planning 
criteria. 

The Maintenance Committee is comprised of 
representatives of all systems. The chairman, ap- 
pointed by the Management Committee, serves for 
a two-year term. This Committee is responsible for 
coordinating the major generating equipment out- 
ages for maintenance. A generating capacity main- 
tenance schedule is prepared quarterly for the 
ensuing 12 months. As the year progresses, revised 
schedules are prepared monthly for the ensuing three 
months. Among the factors considered in the 
preparation of these schedules are planned installed 
capacity, firm capacity purchases and sales, forecast 
loads, reserves required to meet service reliability 
criteria, transmission and other limitations on ex- 
pected capacity availability. 

The Operating Committee is comprised of the 
Manager of the Interconnection Office who serves 
as a permanent chairman without vote, and of rep- 
resentatives of all systems. This committee directly 
administers the operating and accounting func- 
tions of PJM. The associated subcommittees are as 
follows: 

1. The System Operations Subcommittee re- 
views those operating practices and pro- 
cedures which could affect the reliability 
of the bulk electric supply system of PJM as 
a whole and makes recommendation with 
respect thereto. 

2. The Reserve Requirement Subcommittee is 
responsible for the development of the op- 
erating reserve requirement of PJM. For 
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reliable service, sufficient capacity must be 
scheduled and be available to meet load re- 
quirements plus the operating reserve re- 
requirement. 

3. The Communications Subcommittee studies 
the existing communication channels re- 
quired for the reliable and economic opera- 
tion of PJM and recommends modifications 
as needed. 

4. The Accounting Subcommittee reviews the 
accounting for PJM’s internal transactions 
and transactions with adjacent systems and 
recommends revised and improved account- 
ing practices and procedures. 

5. The Computer Coordination Subcommittee 
is responsible for making operational the 
digital computer and associated data trans- 
mission system being installed by PJM. 


PJM Operations 


A central operating headquarters, the PJM Inter- 
connection Office, was established in 1929. It is 
through this office that the coordinated operation of 
PJM is attained. 

The major responsibility of the Office is to con- 
duct the operation of PJM to achieve maximum 
over-all reliability and economy of service recogniz- 
ing individual system load and operating require- 
ments, contractual obligations, and other pertinent 
factors. The Office is also responsible for coordinat- 
ing the accounting for capacity and energy 
transactions. 

As the result of the automatic economic dispatch 
of generation, energy is not scheduled in predeter- 
mined amounts or origins, but essentially flows freely 
over all PJM transmission facilities. The net of an 
individual system’s hourly integrated tie-line flows 
results in the total energy delivered to the pool or 
received from the pool by that system. 

Operating as a single control area, PJM has a 
total of 17 interarea transmission tie-lines to other 
pools in its automatic control scheme. The total 
generation of all PJM systems is regulated to match 
the total PJM load requirement, taking into ac- 
count energy transactions with adjacent systems, fre- 
quency bias, and time error bias. Area requirement 
and incremental energy cost signals are transmitted 
from automatic load control equipment in the Inter- 
connection office through the individual system’s 
load control equipment to specific generating units 
for regulation and economic dispatch. It is through 


this arrangement that PJM meets its regulating 
obligation. 

A most outstanding new development in PJM 
coordinated operations is the advent of the PJM 
computer. By the early 1960’s PJM was aware of 
the growing complexities associated with the opera- 
tion of such facilities as 1,000-megawatt generating 
units, a 500-kilovolt transmission system, additional 
and stronger interarea ties, pumped storage units 
and numerous small peaking units. It became ap- 
parent that the use of computers was becoming a 
necessity. Consequently, a detailed study was under- 
taken in 1964. The study culminated in the ordering 
of a large scale digital computer in January, 1965, 
an IBM System/360 Model 50 for installation in 
the PJM central dispatch center and subsequently 
in the ordering of its associated data transmission 
system. This computer system is now operational for 
some functions and the scope will be progressively 
enlarged. 

The computer system will be used to improve the 
reliability and operating economy of the Inter- 
connection through specific application areas. The 
initial areas are: 

1. Selecting of specific generating units to meet 
the minute-to-minute load demands. 

2. Controlling generation to maintain power 
flow over transmission ties to other pools 
within acceptable limits and to regulate 
frequency. 

3. Monitoring power flows on major PJM 
transmission lines and interconnections with 
adjacent pools. If power flows exceed estab- 
lished limits or would exceed limits after 
loss of major facilities, the computer will 
describe the situation and indicate corrective 
measures to be taken. 

4. Simulating transmission maintenance out- 
ages to determine effect on system of pro- 
posed removal of line from service. 

5. Checking the PJM frequencies at selected 
locations as well as the inter-pool tie flows 
and issuing messages to the Interconnection 
Dispatcher describing the abnormal condi- 
tions and, by pre-planning, indicating pos- 
sible corrective actions. 

6. Developing the PJM costs needed to estab- 
lish hourly interchange schedules between 
PJM and each of the neighboring pools. 

7. Optimizing generation assignments through- 
out PJM on the basis of incremental cost 
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of delivered power including tranSmission 
losses. 

Another step PJM has taken to increase reliability 
is the establishment of a remotely located emergency 
dispatch center which will serve as a back-up to the 
central dispatch center if it becomes inoperable for 
any reason. Other steps to increase reliability are in 
progress. PJM members are installing automatic 
load-shedding relays on 30 percent of their load. If 
necessary, the under-frequency relays will function 
automatically to drop first ten percent; then an- 
other ten percent if frequency continues to decay; 
and finally, a third ten percent. Service restoration 
to the customers affected by the relays will be much 
quicker than if the entire area collapsed. 

Further PJM reliability measures are: Providing 
for a duplicate System/360 Model 50 computer as 
a back-up to the operational computer and to pro- 
vide computer capacity for addition applications ; 
and construction of a new PJM dispatch center 
with ultra-modern dispatching facilities; including 
the two computers and associated data transmission 
terminals. 


Pool to Pool Agreements 


In 1965, PJM entered into separate agreements 
with adjacent systems—Allegheny Power System, 
Cleveland Electric Illuminating Company, and Vir- 
ginia Electric and Power Company—providing for 
parallel operation, for cooperation with regard to 
matters affecting the development of the systems of 
the parties and for emergency and economy inter- 
change. Under each agreement an Operating 
Committee was established to administer the operat- 
ing and accounting matters relating to the agree- 
ments. An Advisory Planning Committee, establish- 
ed under each agreement, studies and reports on 
joint development matters, based on an exchange 
of information regarding plans for modification, ex- 
pansion, and development of each system’s genera- 
tion and transmission facilities. These studies are 
particularly directed to the promotion of bulk power 
reliability on a broad regional basis. The joint meet- 
ings lead to better interarea coordination. 

An agreement with similar provisions presently is 
being negotiated between PJM and the electric util- 
ity systems operating in the State of New York. This 
agreement will supersede the present agreement 
with two of the companies in upstate New York, 
covered previously, under which power is inter- 


changed between PJM and the New York Power 
Pool over six major interconnecting lines. 

At a meeting with Allegheny Power System rep- 
resentatives in December, 1965, PJM was invited 
to join in an informal study group already estab- 
lished by Allegheny Power System, American Elec- 
tric Power System, and Virginia Electri¢ Power 
Company to review the operation of the 500 kilo- 
volt system. Additional assignments were given to 
this group, a chairman was designated, and valuable 
reports were prepared on such topics as the 1967 
summer capacity transfer limits between PJM and 
the western systems and the bulk power supply to 
the Chesapeake-Potomac area. Presently a regional 
plan for the 1972-1974 period is being developed. 
The study group is evaluating and coordinating the 
projected independently formulated plans of the 
participating systems based on mutually acceptable 
planning criteria. The study group will review fu- 
ture plans for the interregional area on a continuing 
basis. 


REGIONAL OPERATING COORDINATION 


It is fully recognized that as the New England 
and New York central dispatch centers are estab- 
lished, regional coordination with PJM and On- 
tario-Hydro will be strengthened. The Northeast 
Power Coordinating Council, recognizing the need 
for close coordination between pools, has created a 
Task Force on Inter-Pool Coordination. The Task 
Force is made up of representatives from the New 
York Power Pool, New England Power Exchange 
and Ontario-Hydro. The Task Force chaiman will 
invite to meetings representatives from the satellites 
associated with the three central control centers and 
representatives from neighboring or other pools. 
This will provide a forum aimed at furthering effi- 
cient inter-pool operations and strengthening the 
reliability of the Northeast Interconnected System. 

As full or partial operation of the New York 
and New England centers come into being, definite 
coordination procedures for day-to-day operations 
will be developed. The operating functions will be 
administered by three dispatch centers: the New 
York Power Pool center now being built, the New 
England Power Exchange center soon to be con- 
structed, and the existing Ontario-Hydro center. 
In addition to individual functions each center will 
participate in the overall coordination of security 
operations within the entire Northeast Power Co- 
ordinating Council area. Any consideration of a 
single security center will be deferred until after 
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the proposed NYPP and NEPEX centers have be- 
come operational. 

The New York and New England operating or- 
ganizations are already discussing computer-to- 
computer information update systems. These dis- 
cussions contemplate mutually dependent teleme- 
tered data such as significant generation and tie line 
loading which might affect either pool center. This 
type of automatic information interchange together 
with a supporting teletype system should provide 
each dispatch center with minute-to-minute aware- 
ness of the other’s problems as well as an indica- 
tion of potentially dangerous situations which could 
occur during the next twenty-four hours or longer. 

Canada United States Eastern Interconnection 
(CANUSE) cooperates with, and assists the North- 
east Power Coordinating Council in matters con- 
cerning the operation of the interconnected system. 
At the request of NPCC, CANUSE develops oper- 
ating instructions covering changes in the inter- 
connected system resulting from Council action. 
The Council conducts computer studies of tie-line 
loadings and makes other information available for 
the guidance of the CANUSE membership. 

A close liaison is maintained between NPCC and 
CANUSE to avoid unnecessary duplication of effort. 

CANUSE has two representatives on the North 
American Power Systems Interconnection Com- 
mittee (NAPSIC) so that the deliberations of that 
organization are available to the Council. 

The PJM Interconnection has telephone com- 
munication circuits with all its neighboring pools 
(CEI, APS, VEPCO, NYPP) to aid in coordina- 
tion procedures. In addition to the voice-grade com- 
munication facilities, there are two closed-loop 
teletype systems. One system links the dispatching 
center of PJM in Philadelphia with Syracuse (for 
NYPP), Southington, Connecticut (for New Eng- 
land), and Toronto (for Ontario Hydro). The 
other connects PJM with dispatching centers of 
pools to the west and south. Using these facilities 
PJM and its neighbors keep each other informed of 
any situations, such as scheduled equipment out- 
ages, which may have an effect on the operation 
of the interconnected systems. Emergency proce- 
dures have been established so each system will 
give maximum reasonable assistance to adjacent 
systems in case of disturbances. 

In addition, PJM and other pools in the region 
conduct regjonal studies from time to time to estab- 
lish safe operating limits during various system con- 
ditions. In the near future the recently installed 


PJM dispatch computers will aid the dispatcher in 
pool-to-pool operations. 

Regional coordination on a minute-to-minute 
basis, at present in its infancy, is not being over- 
looked in the development of the central dispatch in 
the Northeast. 


Coordinating Organizations 


NORTHEAST POWER COORDINATING 
COUNCIL (NPCC) 


In December 1965 the large electric systems in 
New England, New York, and Ontario proposed 
that a permanent organization be established to 
promote reliability and to expand coordination of 
planning and operating of the interconnected elec- 
tric systems of the principal companies and agencies 
supplying electricity within the area. 

In January 1966, agreement was reached by 22 
electric utility company systems setting up the 
Northeast Power Coordinating Council. These sys- 
tems included the Power Authority of the State of 
New York and the Hydro-Electric Power Commis- 
sion of Ontario. Council members represent about 
98 percent of the electric generating capacity in the 
area in which they serve. The aggregate installed 
generating capacity of the member systems is now in 
excess of 35 million kilowatts. 

The Council is essentially an extension of the 
somewhat less formal relationship that had been 
developed between these systems over a period of 
years. 

The Council’s purpose is to promote maximum 
reliability and efficiency of electric service in the 
interconnected systems by extending the coordina- 
tion of their system planning and operating 
procedures. 

The main thrust of the Council’s activities is to- 
ward service reliability. The Council assembles 
system planning and operation information fur- 
nished by the members and by means of sophisti- 
cated computer programming, tests the performance 
compatibility of the overall interconnected systems. 

Since the Council’s organization in 1966, Burl- 
ington Electric Light Department has joined as a 
new member and The Connecticut Light and Power 
Company, The Hartford Electric Light Company, 
Holyoke Water Power Company, and Western 
Massachusetts Electric Company have affiliated into 
Northeast Utilities, leaving the present membership 
at 20 systems. 
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The Council’s principal functions are to receive 
and act on recommendations of its standing com- 
mittees, to provide policy direction to its standing 
committees, to approve an annual administrative 
budget and to assess the membership dues in support 
of the budget. The budget for the current year is 
over $325,000, which includes an item of over $100,- 
000 for computer studies. 

The work of the Council is carried out under the 
direction of an Executive Committee consisting of 
nine members and a Chairman. The Council also 
has a full time Administrative Manager and 
secretarial staff. 

Representation on the Executive Committee is on 
a regional basis with two representatives from the 
Upstate New York investor owned companies, two 
representatives from the Southeast New York in- 
vestor owned companies, three representatives from 
New England, one representative from the Power 
Authority of the State of New York, and one rep- 
resentative from Hydro-Electric Power Commission 
of Ontario. 

In addition to the Executive Committee, the 
Council has these standing Committees: 


System Design Coordinating Committee 
Operating Procedure Coordinating Committee 
Public Relations Committee 


The standing committees’ representation is also 
on a regional basis. 

The System Design Coordinating Committee from 
time to time recommends criteria for elements of 
design which affect the operating reliability of the 
interconnected systems, and the Operating Proce- 
dure Coordinating Committee recommends stand- 
ards for elements of operating procedure which 
affect the operating reliability of the interconnected 
systems. 

The member systems report to the Council 
promptly any significant alterations or changes pro- 
posed for their systems or changes in its operating 
procedures. 

These notifications are for proposed changes 
whether in generation, transmission, intersystem 
communication, or control and protective equip- 
ment. These reports are submitted promptly and, 
except in cases of emergency, before commitments 
are made for alterations or changes in facilities 
or changes in operating procedures are scheduled 
to become active. The council promptly informs 
all members of such proposals and refers the pro- 
posal to the System Design Coordinating Commit- 


tee and to the Operating Procedure Coordinating 
Committee for study and evaluation. Upon com- 
pletion of such study and evaluation each member 
system receives a report of the findings, conclusions, 
and recommendations of the standing committees 
with respect to any determinable effect upon the 
interconnected systems. 

A special meeting of the full membership of the 
Council may be called to consider further the effect 
of any such proposed alteration or change on the 
interconnected systems and to consider the feasibil- 
ity of any reasonable alternatives thereto. 

At present, there are six working task forces 
which report to the System Design and Operating 
Procedure Committees: 


Task Force on System Studies 

Task Force on System Protection 

Task Force on On-Line Computers 

Task Force on Load and Capacity 

Task Force on Load Reduction and Spinning 
Reserve 

Task Force on Inter-Pool Coordination 


The Task Force on System Studies original as- 
signment was to evaluate a series of studies made 
by Stone & Webster and by the Federal Power Com- 
mission Task Force. The NPCC Task Force on 
System Studies has since initiated a program of 
system studies to test the compatibility and reliabil- 
ity of individual system design with relation to the 
entire Northeast interconnected . systems. To 
strengthen inter-regional coordination the task force 
is now making system studies in conjunction with 
PJM; and other studies with PJM and the Michi- 
gan-Indiana-Illinois-Ohio group (MIIO). 

The Task Force on System Protection is not con- 
fined to the analyses or protective relaying but 
considers all phases of system protection. The task 
force to date has completed or is continuing these 
studies: 


Relay maintenance practices of member 
companies. 

Basic protection of bulk power supply system. 

A mathematical model of the behavior of large 
power systems. 

Methods of installing under-frequency relays, 
including wiring diagrams. 

The Task Force on On-Line Computers is in- 
vestigating the possibilities of on-line computers for 
achieving more reliable and more economic opera- 
tions within each system and, through proper co- 
ordination, within the entire NPCC area. It is now 
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studying the economic and technical feasibility for 
using hybrid computers (combination of analog and 
digital computers) for on-line system operation. 
Investigation is now underway to determine meth- 
ods by which computers in each satellite control 
center could converse with each other. 

The Task Force on load and capacity is charged 
with the preparation of periodic summaries of 
predicted loads for the areas served by members of 
the Council for a period looking seven years ahead, 
and showing two years of past history. This report 
includes all existing generation and major transmis- 
sion in the area served by the members of the Coun- 
cil, including interconnections to other systems. 

The Task Force on Load Reduction and Spinning 
Reserve studies the pattern of spinning reserve that 
each member commits itself to maintain. This com- 


mitment is based on local regional requirements. 


However, the local regional patterns must be com- 
patible with the entire NPCC area. 

The Task Force on Inter-Pool Coordination pro- 
vides active coordination of operations among the 
New York Power Pool, New England Power Pool, 
and Ontario-Hydro. Close liaison is also maintained 
with adjoining pools. 


NPCC Reliability Criteria 


An interconnected power system should be 
designed and operated at a level of reliability such 
that the loss of a major portion of the system does 
not result from reasonably foreseeable contingencies. 

In determining this reliability, members of the 
Council deem it desirable to consider all combina- 
tions of contingencies occurring more frequently 
than once in some stipulated number of years. How- 
ever, sufficient data and techniques are not available 
at the present time to define all possible con- 
tingencies which might occur, nor is the state of 
the art advanced enough to assess and rank the 
probability of occurrence of all improbable but pos- 
sible events which may be hypothesized. 

The Council, therefore, decided that the inter- 
connected systems should be designed and operated 
to meet certain specified contingencies described in 
the document “Basic Criteria for Design and Opera- 
tion of Interconnected Systems’. Another document 
entitled “Procedure in a Major Emergency” sets 
forth criteria for automatic load shedding and other 
load relief procedures, and establishes general 
criteria for system restoration activities. Both of 
these documents are included in Appendix B. 


MID-ATLANTIC AREA COORDINATION 
AGREEMENT (MAAC) 


The Mid-Atlantic Area Coordination Agreement 
was formulated to provide a mechanism to augment 
further the planning for reliability of the bulk power 
system of the PJM area. The initial signatories of 
MAAC are the twelve operating companies already 
included in the coordinated operation of PJM. 
Prior to MAAG, the reliability function for the PJM 
area (including Atlantic City, Delmarva, and 
UGI) was accomplished by the voluntary action of 
the several companies through various PJM com- 
mittees on an informal and noncontractual basis. 
Now, under MAAC the same twelve operating com- 
panies will have their plans formally reviewed and 
evaluated from a bulk power system reliability 
standpoint. 

Because PJM and MAAC are made up of the 
same twelve operating companies, a considerable 
degree of interrelationship of committee personnel 
and assignments is to be expected. The two groups, 
though, do have different purposes and objectives: 
PJM to develop and coordinate long- and short- 
range plans to meet the specific needs of the area 
and to operate the combined systems to achieve 
maximum overall reliability and economy, MAAC 
to review and determine the effect upon the 
reliability of the area bulk power system of addi- 
tions, modifications, or removals of generating and 
bulk transmission facilities planned by the in- 
dividual companies within the framework of PJM 
long-range plans and policies. 

The Agreement was executed on December 26, 
1967. It has three principal features: 


1. The signatories formally pledge to submit 
their tentative plans to the Executive Board 
for study by the Area Coordination Com- 
mittee and review by the Board to deter- 
mine whether or not developments within 
PJM will be in accord with MAAC plan- 
ning standards. 

2. A mechanism is set up for coordination of 
reliability activities on an interarea basis, 
that is between MAAC and its counterparts 
to the north, west, and south. 

3. Other systems may become signatories if 
their generation and transmission systems 
are such that they would significantly affect 
the reliability of the bulk electric supply 
systems of the signatories, 
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An Executive Board and an Area Coordination 
Committee are established by the Agreement. 

The Executive Board consists of one representa- 
tive from each member company or system. The 
Executive Board has established and will periodi- 
cally review principles, standards, and procedures 
relating to matters affecting the reliability of the 
bulk electric supply system. These standards are 
an evolution from those used by the PJM Planning 
and Engineering Committee. Revisions will prob- 
ably be made as the need develops to rationalize 
MAAC standards with those used in the contiguous 
reliability coordination areas. 

The Area Coordination Committee is appointed 
by the Executive Board. On a continuing basis, it 
will review reliability principles, standards, and 
procedures. This committee will also review and 
evaluate the members’ plans for generation and 
transmission facilities and other matters relevant 
to the reliability of the bulk electric supply system. 
Recommendation will then be submitted to the 
Executive Board. A copy of the agreement setting 
forth committee procedures is included in Appen- 
dix C. 

Each signatory to the MAAC Agreement will 
report to the Executive Board its plans for the 
addition, modification, or removal of generating 
and transmission facilities. These plans will be re- 


ferred to the Area Coordination Committee for 
review. After receiving the recommendations of 
the Area Coordination Committee, the Executive 
Board will decide if the plans are in accord with the 
established planning standards and that such plans 
do not adversely affect area reliability. If the Board 
decides that the plans do not meet these require- 
ments, it shall so inform the signatory involved and 
request that the proposal be modified. A detailed 
statement of the reliability principles and standards 
that have been adopted is given in Appendix C. 


Interregional Coordination 


A logical extension of regional coordination is 
interregional coordination, Since the NPCC sys- 
tems are now linked to those in ECAR and CARVA 
only through the MAAC systems, MAAC is the 
obvious mechanism to coordinate the bulk power 
reliability of its signatories with counterpart councils 
to the north, west, and south. Agreements between 
NPCC and MAAC and between MAAC, ECAR. 
and CARVA are now in the formative state. In the 
future, when additional ties are completed across 
the southern boundary of Michigan, a direct rela- 
tionship between NPCC and ECAR may be desir- 
able. Also, NPCC, MAAC, ECAR, and CARVA 
are members of the National Electric Reliability 
Council. 
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CHAPTER IX 
GENERATION AND TRANSMISSION PATTERNS FOR 1980 AND 1990 


General 


The viability of the power industry in the North- 
east is demonstrated by its history. The expansion 
rate of the physical plant since World War IT has 
been remarkable. The industry has not only grown 
in terms of kilowatts, but it has improved its ef- 
ficiencies through technical improvements and 
through cooperative coordinating efforts that are 
permitting economies of scale that were undreamed 
of a quarter of a century ago. Nuclear power, un- 
heard of before the World War II, has come to the 
forefront as a source of generation. Pumped storage, 
a novelty not too many years ago, is now a major 
source of peaking capacity. Improved inter-system 
coordination, extra-high-voltage transmission, air 
pollution control, underground distribution, aesthe- 
tic improvements and a host of other advancements 
have had their part in the virtual revolution that the 
industry has undergone. The end is nowhere in 
sight. 

Because of these continuing changes in the tech- 
nical field and the related uncertainties of financing, 
regulatory actions and management concepts, any 
attempt to predict the exact makeup of the physical 
plant that will exist 10 or 20 years hence borders on 
the foolhardy. Nonetheless, time is inexorable, and 
if plans are to be developed and refined in time to 
insure that the best possible decisions are made with 
respect to meeting the 1980 and 1990 loads, it is 
none too soon to be making preliminary plans based 
on the knowledge that is currently available, rec- 
ognizing that changes are inevitable as the time for 
construction approaches. With this broad reserva- 
tion, the committee has attempted to weight the 
factors, discussed in the previous chapters, that are 
believed to be most significant in effecting genera- 
tion and transmission patterns in the next two 
decades, and has developed the general plans sug- 
gested by Table 18 and Figure 17. 

No one—or at least no one on the Committee— 
will argue that these prognostications are a blue- 


print for future developments in the Northeast, or 
even that there will not be significant technological, 
economic, political, or social changes within the 
next few years that might change the basic concepts 
on which these estimates were made. 


Basic Assumptions 


Recognizing these pitfalls, the estimates have 
been made, based on these general assumptions: 


1. General economic considerations, based 
on projections made of the Office of 
Business Economics, United States De- 
partment of Commerce.' 

(a) National population will increase at 
about the median range of the OBE 
projections, from 195 million in 1965 
to about 300 million by 1990, indicat- 
ing an annual growth rate of about 
1.5 percent. Population of the North- 
east region will increase from about 
44 million in 1965 to nearly 60 million 
by 1990, indicating that the Region’s 
share of the national total will decline 
slightly during the period. 

(b) National production will increase from 
a GNP level of about $617 billion in 
1965 to about $1,750 billion by 1990.? 
In line with the decline in the region’s 
share of national population, both the 
region’s proportional contribution to 
gross national product and the regional 
share of national power consumption 
are expected to decrease slightly during 
the 1965-1990 period. 

(c) Per capita personal income in the 
Northeast will increase from about 
$2,700 in 1965 to nearly $6,000 in 
1990 


1 The basic material was prepared for use in the North 
Atlantic Regional Water Resources Study, sponsored by 
the Corps of Engineers, Department of the Army. 

2 Based on 1958 dollar values. 
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2. Social outlook 


(2) 


(5) 


There will be continuing national and 
regional concerns with the amenities of 
living. Air pollution control, aesthetics, 
water temperature control and related 
items will be major influences on man- 
agement decisions. 

The continued economic growth and 
improved economic status of utility 
customers will lead to continuing, and 
in some cases expanding, demands for 
currently available and new types of 
household appliances and home equip- 
ment, including both air conditioning 
and home heating. There will be some 
expanded use of electrical heating and 
air-conditioning of public facilities and 
business establishments, but no major 
trends toward such things as street- 
heating or open-space temperature 
control. 


3. Fuels 


(a) 
(0) 


(c) 


(d) 


Needed fuels will be available at higher, 
but competitive prices. 

Coal will continue to be used to the 
extent that its use is economically 
attractive. 

Nuclear fuel will be available as needed. 
Breeder reactors will be developed for 
commercial use in the period after 
1980. 

There will be no prohibitive restric- 
tions on fuel imports, or the movement 
of fuel in international waters. 


4. Technology 


(a) 


(0) 


There will be continuing technological 
improvements, but no changes in the 
currently accepted concepts of genera- 
tion and transmission, except for the 
introduction of breeder reactors. 

Underground cable will be developed 
for use at all anticipated voltages. 


Economics will permit undergrounding 
of most new distribution facilities, and 
transmission facilities in highly con- 
gested areas. Other transmission will 
continue to be carried on overhead 
systems except for limited areas of out- 
standing scenic or other values. 

(c) Direct current transmission at all antic- 
ipated voltage will be technically fea- 
sible. Its use, however, will be dictated 
by its overall economic advantages, and 
would not change the basic transmis- 
sion patterns anticipated. For simplic- 
ity, the plans presented show only AC 
transmission, but this does not preju- 
dice substitution of DC should it be 
found more advantageous. 

5. Regulations 

(a) The increasing complexities of the 
problems to be considered by local, 
state, and Federal regulatory groups 
will not result in any significant exten- 
sion of lead time requirements now 
being experienced. 

(b) Nuclear plant siting in relatively con- 
gested areas will be permitted. 


Projections for 1980 and 1990 


Table 18 shows preliminary estimates of future 
loads in Region I, and the probable types and 
amounts of generation that will be used to meet 
future requirements if there are no significant 
changes during the next two decades in technology, 
economic conditions, or other pertinent factors. 
Actually, such changes are bound to occur, and if 
and when they do they will alter the total power 
requirements and/or the relations between genera- 
tion types. The figures in Table 18 are, therefore, 
indications of general magnitudes rather than 
precise predictions. 
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TABLE 18 


Region I—Northeast Regional Advisory Committee, 
Estimated Future Installed Generating Capacity Requirements 


Coordinated study area 
Region I 


(Per- (Per- (Per- (Per- 
(Mw) cent (Mw) cent (Mw) cent (Mw) cent 
total) total) total) total) 


otal Capacity. .as@ ss sis yee Bee: 1256529510050 21,915 - 100.0 27,780 100.0 | 62, 347 100. 0 
COiIncigenered See... cs ahs cies 11800 Diaecn. < P7ROG0 Bags ata: 24ST 20a teria: 515 250/sey ners 
percent larginnria is a. eal ROU DREG. Sxe IRAE RS ERNE Ia ee 4a Rocha hone PATER | Pe eG 
INCHrericoisnnas, Ao tic. dn cs elit ioe 30) Cree ahs QO rer Sie QAO tects Sie YL OIA oe ae 

1980 
Conventional Hydro}? i. oc dsc 1, 202 4.3 3e725 10. 8 930 lie 5, 857 5.0 
PUNE SLOLAGE ona atestiwn He + ke 2, 630 9. 4 3, 240 9.4 3, 510 6.5 9, 380 8.1 
ROCs Rr nt eens fo es Canes 3, 200 11. 4 3, 100 9. 0 2, 500 4.6 8, 800 75 
‘otalsRossil Steam-24 gay. 1u- teks cute ste 9, 778 34.9 11, 005 31.8 31, 100 Bh P 51, 883 44. 4 
Units 1—400 Mw.............-. 8, 068 28. 8 9, 435 27e3 15, 660 28. 8 33, 163 28. 4 
nits 401—800 Mw) o.cs cre nes os 1, 710 Gul 540 135 4, 900 9.0 7, 150 Gal 
Eos Oa = 1 COO WEW: ora, none Steet etree ae ei 1, 030 3.0 10, 540 19. 4 11, 570 9.9 
Rene CEE LOO NAWates, Dine Poe ER Een hee RA circa Ri oes OR ETS A oer ee tha Ie Biticens SAUD Looe teats eet Wig wos 


eotalyNuclearsSteammy- eae ee 


otal Capacitys.)..ctice ver ane 28,000 100.0 34,550 100.0 54, 340 100.0 
Comciaent (beak: Avie gurls dace sesh ae D251 OO Pe eye cusuts 2854-10) Fale o sisye ZS OULU) Senieenicasc | ey aa WAU! Nencworet cian 
BELCOne MATIN ehh, nies fcasetn oar hie Bie fa ekorne hb te hiss, syncs Ona seeusesys AO) Bexhiaeesac 
Percents Tareas eee ae POS Beni, eye) oO, LOO eens wires « by OOO nice, 9) 10, f27 uso ees af 


See footnotes at end of table. 
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TABLE 18—Continued 


Region. I—Northeast Regional Advisory Committee, 
Estimated Future Installed Generating Capacity Requirements—Con. 


Coordinated study area 


Region I 
A B Cc 
(Per- Per- (Per- Per- 
(Mw) cent (Mw) cent (Mw) cent (Mw) cent 
total) total total) total) 
1990 
Conventional Hydro!,?.............. 1202 23 Bh PS 6.2 930 0.9 5, 857 yh 
Pumped Stora tee tice ee eee 4, 630 8.9 6, 240 10. 4 4, 510 4.5 15, 380 Tee 
IC/GT estes oe oc eaters 4, 800 9. 2 6, 300 10.6 5, 100 SH, 16, 200 Tele. 
Total, Fossil, Steam Sit ers eee kes 9, 278 17.8 9, 005 ret 33, 230 ey ae) ate 24.1 
nits 1=-400) Mw'oe atts ee 6, 568 12.6 7, 435 12a 13, 790 13.6 27, 793 13.0 
Units 401=800 Mw cc ruse. 2, 710 Dae 540 0.9 4, 900 4.8 8, 150 3.8 
Units S01 1200"Mw.. nthe. vinemiale atin ites ae steel 1, 030 Sar f 14, 540 14.3 15, 570 tan 
Units Over 1200 Mw oreo Ses dc dae pom ae cates heme shlerstey te se ranratcyait stele w oktit aeds ee at ete ee 
otaliNuclearSteameaeca se eee 32, 190 61.8 34, 480 Die 57, 800 56.9 | 124,470 58. 4 
Lnits-1—400 Mw ee chs aa 190 0. 4 270 0.5 SO tee 510 OZ 
Units.401—800 Mw <0 25 cs 2 oe 6, 400 12.5 1, 140 r.9 640 0. 6 8, 180 3.8 
Units"801==1 200 Mw.) oc. en 4, 600 8.8 19, 070 S179 15, 610 15. 4 39, 280 18.5 
Units'Over*1200 Mw ws. eet ee 21, 000 40. 3 14, 000 23. 4 41, 500 40. 9 76, 500 35.9 
Total Capacity sicaescdtios ata cat 52,100 100.0 59,750 100.0 101,570 100.0 }213, 420 100. 0 
Coincident’ Peak’#'a. Gt oe 415300 caer « 48100! Te adee<. 805190 Sere rae 164, 6407 eae 
Percent: Maret 57 a-.c)jacmesian so ete 2ON2 one vars Be Ret Oe 265 tuges oe 29. 60. oe eer 
Retiréments 1.0 Go cee ret eta Vig te V ACE sts one Ao DTS Behe op eNO BBD igh Olind orbit 12,'097> eee 
1Tt is recognized that conventional hydro capacity is ments exist, the most significant of which are the proposed 
subject to removal from service for various reasons, but Dickey-Lincoln School project on the upper St. John 
the amount likely to be retired during the period is con- River and expansion of existing plants on the Kennebec 
sidered to be insignificant. and Susquehanna Rivers. 
2No allowance has been made for any increase in con- 3 Reflects retirements, all assumed in the 1-400 Mw 
ventional hydro capacity because of limited opportunities unit range. 
in the Northeast as discussed in Chapter III. However, 4From Table 1 Summary. 


it is recognized that the potential for some future develop- 
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APPENDIX A 


INVENTORY OF 
EXISTING AND POTENTIAL POWER RESOURCES 


Undeveloped Conventional Hydroelectric Sites 


Name of plant River 
ELALviS(h.t, os fete tise o dieke Gs Kennebec... 
Wiymaatriee tease oo ale Soe 3653 CO ws eh 
Upper Kennebec’. 20.46 3.2 dows ih 
Lower Androscoggin 5.... Androscoggin 
Dickey-Lincoln School... St. John..... 
Eiartrisiand (7... 28. oh Connecticut. . 
Bred rR apidea. ss << sees: dO fang. : 
Hudson Falls. 2355.05 << Hudson..... 
Holtwood scsi. .vsases. Susquehanna.... 
Sale Harboreg: 2. CF eee dott xa. 
Salewmsarborss. 5 .245.5-3-00% dor: av. 
(Marysville Spee 6. cye.6e 5 615,04, doa ae 
Tall Balser gee fs. eiealncvet daay. 45> 
AIS Be | Gee See. sce vaysow s'e) oe do Sap .5.t. 
Clarion nr tretiscn c/s yes Clarion...... 
BRGAUUND rare atele tie one, sess 58 W. Br. Susq.. 


1 Added capacity at an existing plant. 
2 As of June 1968. 


3 Total capacity after expansions. Potentials shown are 


alternatives. 
4 Estimated. 


Installed Average 4 


State capacit annual 
(KW generation 
(MWH) 


STUDY AREA A 


STUDY ARE 
RaeINe€ Way ork? . <3 


PES OTOOO iis, cicero 
170,000. tank a ee 
570, 000 499, 300 

85, 000 300, 000 

2 830,000 1, 154, 000 

45, 000 125, 000 
62, 100 267, 000 


AB 
51, 200 215, 000 


STUDY AREA C 


Pennsylvania... . 


sideration; 


3 269, 200 820, 000 
3 303,000 —_1, 030, 000 
3406,000 1, 120, 000 
180, 000 520, 000 
160, 000 850, 000 
250, 000 760, 000 
100, 000 240, 000 
260, 000 390, 000 


Useable Gross 
power static 
storage head 

(1,000 Ac-ft.) (feet) 


Gy Oo) 
66.7 145 
Pondage 405 
6995.0 ae 
2,900.0 310 
Pondage 30 
gh Il 36. 5 
N.A. 80. 0 
68. 9 54. 0 
68. 9 54. 0 
35. 0 32.0 
80. 0 75.0 
1,000.0 150.0 
661.0 236.0 
796.0 278.0 


5 Aggregate of two or more projects. 


Status 


Nortes.—N.A.—Data not available; E—Existing plant; 


Redevelopment. 
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A—Development or redevelopment under active con- 
U—Undeveloped, but potential site; 


R— 


Existing Conventional Hydroelectric Plants 


Installed 1 


Name of plant River State 


capacity 
(KW) 


Average 
annual 
generation 
(MWH) 


Useable 2 
power 
storage 
(1,000 
Ac-ft. ) 


STUDY AREA A 


Central Maine Power Company: 


Harrisicn soctcscae Kennebec... .'.... Maines; eer ¥ 
Wiymanes itacntn oo dca WO yas 3 di sete Sees (lepeR ewe inne 
Williams:.:33 0.4 Seer oy: GORE Ga tes: deere GO. 9). dere 
Weston, em anetre se acer Gow Preto tee GoM ee feo 
Shawmut ae ae ek eee cc re foMy © ae Ae eee aloe a AES Cenc 
Gulf Island =e Androscoggin. ....... Oman ere 
Androscoggin No. 3. ..... Ot bre steno ey enatctays fo fo Pane ener 
Deer Ripsts. « s stein a. dof saataaeite cas AGigsepnt a3 5:2 
@ontinental..< | ee... GO? ASR. vise 5 COM ce cher. 
TVopshantt. 4.0. ae «- °c Co alco gnc Abeca Senne Oana ne. 
Brunswick. 2.405 023k 305% GOsey pisces dow aes 
Hiram sere sete as SaCOnn deen oh agus aPexs GOiR er ae ae 
Bonny, Eagle 2. causes 2's 6 Ea A 2 ee donee 
BUxtOD its chat beck CO. apnbinieasvsrnctiee GOR aie ate 
Bae Millsts 7. oeheatericrs cs GO scventesrancnct aes (fons 
Skelton’anae, . acuc eae GON, Peres tee ne dORh ose 
Cataract;.c,.;sreereaets te ore OFA paateeicre ne extavs GO sett. yew 
Oakland ia...- erence Messalonskee......... Gowne ofa-ei 
Rice Rips’: 2: cere: DGS Rak ireek: Sin cie ae GFe iais ents 
AUtOMaAICH ay TeV COG Sei. re OWpie a cha scees 
UnionGas pemanrrcccrate COS ccs. nti etn dors samapes 
Fort Halitaxaa ne ebasticooker eae Ca (oy, eee eee 90 
KRezar Fallen.) ere Ossipeenc aaa seca cen Glee) DEE cae 
N. Gorhant, a. aon se Eres UunIpscots maar. Ose ee ore 
Bangor Hydro-Electric Company: 
Medway... sce Penobscot ane pace OM Sie ect nee 
Stanford. cites os ck: COM Sn edhe wraiie GOMe ssccts 
Milford tease: sorter COtiiaectactean tes 3 (oA eae 
V Cazle. See een ora ts COTE rhe na ete COW. d Scciats 
Howlande sy... 7s Piscataguissn 3... ae 2 Foe A : 
mtllwater om, ....2 As or Stillwater 2 ves crete. GOR 
OPOnG te «ike aloiie 35.5 GORE Precis ee COP. cont eh: 
Machiasneuieenrr Mach ias rw. bes Ose caoregns 
Eliswortherraecceeae Unioner aera Sine CO! Saeco 
Maine Public Service Company: 
Squa Pan Hydro.... Squa Pan............ GOS wr ecnih es 
Caribou Hydro..... AATOOStOOK 4 2 cis oss Gogth. Ahir 
Rumford Falls Power Company: 
Upper Station...... Androscoggin. ....... cs Le a Sg 
Lower Statiois alas a ae. OA Peei ae dO niente e et 
Lewiston Muni. Lt. Plant: 
Lewiston wets itteaate stat One icrsici ae eres erane doves ten 
City of Bangor: 
Bangor ince eee Penobscot sc .usenas DOSse suis, cots 
Rangeley Power Co.: 
Bustis {3 pnd oe ae een + Cad se eve ee eee OO. iene 
Kennebunk Light and 
Power Co.: Mousamse enn coeece OE aa nes 
Madison Electric Works: 
Norridgewotk <u..5, «. a0. Sandy ez.) sen ee GOs 
Woodsville (N.H.) Fire District: 
Woodsville: 22055 .8. ASTMINGNOOSUC. oN cba crete erates 


See footnotes at end of table. 


75, 000 
72, 000 
13, 000 
12, 000 
4, 650 

19, 200 
3, 600 

6, 540 

1, 776 

900 

1, 473 

2, 400 

7, 200 

6, 625 

4, 000 

16, 800 
6, 650 

2, 800 

1, 600 

800 

1, 500 

1, 500 

350 

2, 250 


3, 440 
3, 800 
6, 400 
8, 400 
1, 875 
1, 950 
2, 332 

350 
8, 900 


1, 500 
800 


21, 970 
12, 800 


700 
700 
250 
150 
500 


400 


183, 610 
317, 310 
95, 787 
83, 633 
47, 556 
125, 324 
26, 600 
30, 570 
8, 000 
7, 404 
11, 579 
22, 037 
44, 317 
29, 808 
21, 528 
105, 085 
44, 968 
8, 670 
4, 776 
2, 667 
4,770 
6, 449 
1, 692 
11, 210 


27, 003 
24, 050 
48, 351 
53, 467 
12, 071 
12, 587 
15, 050 

1, 869 
31, 155 


700 
5, 000 


158, 514 
103, 506 


5, 000 
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800 
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Existing Conventional Hydroelectric Plants—Continued 


Installed ! 
Name of plant River State capacity 


(KW) 


STUDY AREA A—Continued 


Littleton (N.H.) Water and Light Dept.: 


Apthrop Station. PAMMMONOOSUC.4 <0 Ne Ed sleruelola <<, 215.5) 
New England Power Company: 
INFOOre sees. nue oe ss Connecticut! ...2.. «ue @lyetew agin ee 
GComentorde tonic. oo 0 cacens GO Scat: sinee aenes AO eee a tone 
IMcIindoes.: s5.gcas see: dO By asks seers GO eee 
IWilderammeer rsh a.hcg.c srs 4 GOWa ta cnie N.H. and Vt 
Bellows: Fallsi..c2..< 5. <<: oleae Signo oc Vermont... 5+. 
[Vernon 79s... eno 2 oes GOW pres sa N.H. and Vt 
Granite State....... Mascoma....... INGER nsks-< sae 
Searsburg. ...00.... Deerfieldass:)...: Vermont. ... 
larriniai. 00. Seles ec (a lo\y ge nOer etrs Ate Oe pa ee 
NEIMAN sae eee aise ss CLOW eR oe ea: Mase ah cays c sc iere 
Deerfield No. 5.......... GOT es vce sets GO sae NG cya 
Deerfield No. 4.......... Othe Ae ecg nee MOM ene. she 
Deerfield No. 3.......... (a(9)s & oe cao ere 6 3 QOn acre 
Deerfield No. 2.......... (0 (0) ene ees tr dO. ie tas 
Bozrah Light and Power Co.: 
Gilman. VEDI. 5 oe Oe On Connecticut..... 
United Iluminating Company: 
Derby Power Sta. Tonousatanic......... Oe 2 ser 
Holyoke Gas and Electric Department: 
IN Ove ees ARG a Conn:sGanal;, = Massie: . 5... 
INO 82 42 ee reReaete Sir Setciorhss DOGPRaee ss GOAN eons 
ING 33 eae 3 Meee: ie (o(0]4 Ae (SiSI Ee cc AON. = sets 
INO 54 A hese td Retenenk COMP ais ec ee (cls Rreaweemette 
City of Norwich (Conn.) Dept. of Public Utilities: 
Second Street....... Shetucket....... Connecticut..... 
wLenth’Street..geick sobue GOR eS GONay ee 
OCCU «3. e ck hbase ORM Ronee eee Onis oer? 
City of Providence: 
Gainer: Dam: aac... 55 0% Pawtucket...... PUT eon ern sees = 
White Mountain Power Company: 
Goodrich Falls........ Glen Ellis....... INSEL Sere okays 
Northeast Utilities: 
Cabotrahvice.. <6 48e Connecticut..... IM ass ap er are eisyeut 
Turners Falls No. 1....... Ose inc ORR GO rae kiee 
Gardners Falls...... Deerfield 3a .255.:282 “(OM eae 
RedsBridge 2. on @hicopee. Gee. =. ate Oasys Puig: 
Putts Bridges 07 shutters OSE stots iano cays eta GOB clesorsices 
Indian Orchard.......... GONE SHS sche alee, Bis cetane S 
Dwight Hes sos see. (0 fo) oh a A AR Gers stents 
Cobble Mountain... Westfield-Little....... Ose sa 
Shepangier. i a.stec hel. Housatonic..... Connecticut..... 
Bulls Bridge............. CONDE Seats age eee Ome carayeice alts 
SLSVensOnkt. cs. shat ss os COeAb ee os Hana ae Ones teas 
FallssVillage:.. . « .:. denies. GOREs. he sha se. (\sinehees dere 
Scotlands).-.. ac. ob Shetucket...5-- 7 pores Go Miraco ok 
Waftville 3s... MiMi ws okies ats ea heke ee (fo) ete eer 
pLunnel eet. aeyteeetagt Quinebaug.......... (s Co BR aera 
Bantanj.6i.«.,. cee Bantamtd. crt. .ic ce oe (Glaa nese Be 
Robertsville........ Soll eee ekicscss dee ole Wea eR ce ee 


See footnotes at end of table. 
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300 


140, 400 
140, 400 
10, 560 
32, 400 
40, 800 
24, 400 
1, 300 
4, 000 
33, 600 
7, 200 
15, 000 
4, 800 
4, 800 
4, 800 


250 
800 


1, 056 
800 
450 
600 


51, 000 
4, 840 
3, 980 
3, 600 
3, 200 
4, 900 
1, 440 

33, 000 

37, 200 
8, 400 

30, 500 
9, 000 
2, 000 
1, 780 
2, 000 

320 
500 


Average 
annual 
generation 
(MWH) 


1, 400 


242, 000 
281, 900 
43, 200 
136, 200 
220, 800 
119, 200 
5, 000 
23, 500 
97, 400 
25, 400 
72, 100 
26, 000 
29, 000 
26, 300 


500 
41, 503. 0 


3, 600 
4, 500 
3, 100 
3, 000 


6, 133 
4, 319 
4, 545 


1, 500 
1, 500 


243, 459 
11, 969 
17, 973 
18, 963 
16, 227 
14, 901 

9, 883 
21, 578 
6 118, 230 

6 47, 200 

6 97, 650 

8 39, 409 
6 7, 630 
6 7, 740 

6 10, 600 
6 1, 300 
6 1, 800 
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Pondage 
Pondage 
Pondage 


N.A. 
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Existing Conventional Hydroelectric Plants—Continued 


Installed ! 
Name of plant River State capacity 


(KW) 


STUDY AREA A—Continued 


Northeast Utilities—Continued 


Hadley Falls Sta.... Connecticut..... Masser sli aacmets 
Riverside Station.... Conn.-Canal......... CO. sara 
Boatlock Station......... OWA os visser GOR ocho rer 
Beebe-Holbrook.......... dO Wests our dost. hee 
Skinneri4ig. 565. 2 eae Co (oe Ave Peer) ir AON cies evacee 
Chemicals <3. 50... GO arses ca. see Oss sai 
Central Vermont Public Service Corp.: 
Pittsfordeer. -. ane ee East Creek...... Vermontin- «a 
Glen hiaee nde. a eee GOW shyeis cess See (son nga eC 
Patch crise «ose ns dORys. ses oe ON iia sere 
Hydeville?.., 7.04, ee Bonioseens sen eee ORs: 
Carver Falls) 0... Poultneyeraeere New York...... 
Cavendish... 2a Black Sts em. ssi Vermont....... 
Silver lake. eee eicesterar ee haere dO 
Salisburys:3. 45... Sane GOWe ak. «eee Ose 
Middlebury Lower.. Otter Creek.......... COS eic aks 
Weybridge. on. .0)ttage «os DO rots 8a tatal ae dows .Anaten 
Bradford ase Walt sfomtta? xersssteeva serene AO iterc eter. 
BD ALts Valles sc cease re: Ottaquechee, a aca. Os coche 
Fairfax Se s.ad..1 3). 0 Eamoilletaeis eee dO. eee 
Clark, Kallas vt na COM Ria se reciaares dO. ar 
Milton oi 2s 4 $4.5 5S cna GOS Nec <cces he dow ciate re: 
Peterson .)c404 sls oie GOW goes Sao ee dol dive aaa 
Bierce: Mills. aan 2: Passunapsicn «(76 .ts ee oa fre eee er 
Arnold Malle... awn GOW eiths stsie acest GO esr eer 
(GAG Cr ners e eee ee Cone siairat Mere « dorae ee 
Passtumpsic. . 4A. mees ai GOs Sages ss ee (6 OH cheatin 
West Dumerston. «5: West. Sasece. occ doe ies ee oe 
Fioosjck#i alist Hoosicvmrents. = New York...... 
Eastern Utilities Associates: 
Pawtucket. Blackstone...... Rilgoae cs ceaae 
Farmington River Power Company: 
Rainbow. Farmington..... Connecticut. .... 
Public Service Company of New Hampshire: 
AVersil sland or ae Pemigewassett...... Noble «it.» 50 <0, 
Hastmanyballsyneaeae ert GO sieves det sacs se te lohan dc 
Garvins¥y.14... Satan Merrimack... 9 On. s nttere. 
Hooksett... sees oe GOS eth als s.c8 Oe Os cahiaie rete 
Amoskeag Hydro......... GO teres Sis <a COs tie 
J. Brodie Smith..... Androscoggin’. er Ok sieves: Sore 
Gorham Hydro.......... GOR Grape sxe k oe i (Rac miei c 
Canaantwse. joe ae Connecticuts, teem AGA carcis csspere 
Minnewawa........ Minnewawa Br....... (AO Secs eustotvene 
Salmon Falls....... Salmon Pallst=.... 40 (0 (sees Siar ce 
Jackman: ..,c4eret ae Contoocook.......... (60: TN ee 
Kelleys 2... «mnie Piscataquog?.:.... 4 OG tes ae 
Green Mountain Power Corporation: 
Marshfield......... Molly’s Brook... Wermont....... 
Littles River ae eee Waterburysee +. sca Ox ax syne cease 
Middlesexe 5), 440) an Winooski 2% 5 5....Aee COWS scecckue 
Gorge ; Asti: alte aes coe CORAE ks Sls sc eh COs Sies Bote 
PERSONS Dan con ea inate one Ce (ope CRe NS he ee Gow. sew es 


See footnote at end of table. 
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annual 
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6, 500 
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13, 500 
14, 000 
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Existing Conventional Hydroelectric Plants—Continued 


Installed 1 
Name of plant River State capacity 
(KW) 


STUDY AREA A—Continued 
Green Mountain Power Corpora:!ion—Continued ; 


Montpelier .:.. 1h. Winooski........ Wermont:.)... -:- 600 
Wergennes).. 444-4, = Otteri@reeke an eee OER Seniors: 2, 560 
West Danville...... Joe:svBrooke.. (2%: aaa GOK es seretonctens 1, 000 
Citizens Utilities Co.: 
@harlestouis 6,-1.9 oc Gly de erteiecr sn. ae (leeenerete se 800 
Newport No. LF J5..6..55. COPA AN ic: cake Gan cee 4, 000 
Newport No: 2. ........3. GORE RR tases es OVE cisia, fcuk 1, 600 
EEOV MaDe x in eto. ake Missisquoi.t & :../...-..<ls GGr oa)s.5, 000K 600 
Vermont Marble Company: 
Center Rutland..... Otter Creek..... Vermont... 55k. 300 
Proctor ep. oc:deet tee a aie GON, Boas. na der LO aveyousl ovens 3, 900 
Beldens Stacia fea hate 4 5 GO Me ss 5 ou be COM eiaAsiec 1, 600 
Huntington... . dacs GORE Ssan.n cin see dO. ese mic 1, 400 
Enosburg Water and Light: 
Willage Now! 2...7... IMissisquoOl.te <5. <- o4ee G (3) Seam ra Ca 600 
eric all Maetciecs castes. toes OME Freda sinate, eis (3 be eee ce 150 
Morrisville Water and Light: 
Cadys Falls......... Lamoilles noe (s (oy a 1, 300 
Morrisville. /4Seab o <2 (3 (04) 5. oR Iain On ataekee 1, 800 
Lyndonville Electric Plant: 
WV allSep, SPbre tots 03s Passunipsice: ...5.+,2 (3 Foyt aecleaceeh ore 350 
GreatiFalls.. 520%: ah. «5. OAR, stebecielniave eM: GOR siete sy eucit 600 
Other Existing Plants in Study Area A: 
Bethel Mills........ White Meher... so. cae ONT a os ease 120 
Kovejoy acsieras fae Black Wt. jiaw-s v0 «3 ahs Oe eeiasous 100 
Pellowsi:Gearwene eee GONG clttrepenter she OSe sis oni 400 
Hardwick#... 41... 1. Eamoillet greet ort <6 (0)4 Ararat ore 700 
Bartone tein. stank Cly denies atin tancte Oss sis dye ss.tns 1, 400 
SwantonWe a. os..4¢ Missisquoi........... GO Ne is. share 4, 600 
AVESSSISCUON «a. ete one ons, Sas GOS FF ows. ae: (0 (a oreeay cia ae 1, 800 


STUDY AREA B 
Niagara Mohawk Power Corporation: ® 


Hydraulic Race..... Barge Canal.... New York...... 4, 687 
@OakiOrchard: fa os. se. OR Bee oreo sc tate Quer. ick e 350 
Glenwood.......... Oak Orchard Cr...... Osi cysts 1, 500 
Wiaterport gem as cakes. oc cs fairs GG CaS Oe GO Wr cieis oh e ks 4, 650 
IMoshlertep ce oni 3 os Beaver tefiue s-.s. ee One ates 8, 000 
a glee aii clas: «3 «eA: Mel » CO Mrs Bi 6G ohana dot Ae 6, 050 
SoltiMaplesia...... pies GO basic ee Oman: 15, 000 
Eillev a. 066 2.3, ahinte dye h a's aCe 3 SO oy Nee cr OR an tit: 2, 960 
Litt e Os AS ea Ree oe dO seems dosseees 1, 500 
FL aylOEVUes 6. REP fe. cies OWE akc ce Ose hissses 4, 500 
‘Belfort: e¥ipriascs fata: GOSRRS ois < acc HE GO Wee ores 1, 800 
Pugh Balls icp cenucrcet- -.- dotssiiva sn eee Oswrecirt te 4, 800 
Beaver) Malls’... gas aco: oe Om. diss... one “ilora ces SeyeRee 1, 500 
Hlerrings'. «siete oe Black:. Seg S855, se ohh (3 oer nico 5, 400 
Deferiet sae, =. cLa0 ie. > dosent, cee doMe.. 66 se 10, 800 
Kemargors...)etae art. « (oy te sRnepreite 4. Cons socks as 5, 400 
Black Rivers pom os ko ota. One Fock sone Owen tates 6, 000 
Sewallee wa. -aeece sata GOSS ahs te See OMe as 2, 000 
Diamond Island.......... (oleh 5 coe ee arene on GONG teins 1, 200 


See footnotes at end of table. 
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Existing Conventional Hydroelectric Plants—Continued 


Average Useable? Gross 
Installed 1 annual power static 
Name of plant River State capacity generation storage head _ Status 
(KW) (MWH) (1,000 (feet) 
Ac-ft. ) 
STUDY AREA B—Continued 
Niagara Mohawk Power Corporation: *—Con. 
Beebee Island....... Blacks 45. New York...... 8, 000 32, 417 0. 142 3339 (18) 
Port'Leydens.7 ie aa. » 6 Co a a Orvis scion 545 25337 ANA 21:0 sn(#*) 
Denley (77h 9a trate DOM Miads sie acarks DO iradate cine: 496 3,776 N.A 22:0; Ee) 
Watertow lee 5 uirtercchareys Cc Ca a ee er GOs: ar cne 5, 400 20,474 N.A 26. 7 (20) 
Dexter -Azsac 0 fir aoe Owe fhe Ont FA Ae 1, 860 12,078 N.A. 12.9 (31) 
‘Theresa: sis oe Indiantee thea ae (3 (Sect reo ee 1,615 6, 026 0. 145 66:5 Rea 
Browns Falls........ Oswegatchle......... GOL ee 15, 000 45, 935 2a22 270: 0 Greene 
Flat Rocki:...... deeeneetens DOs wiwk 205%. v ee dot. ke aee 6, 000 14, 347 ay Bie 60. 0. 2059. ue 
South Edwards.......... GOs brichotettaenteene GO sis vik i hetenals 2, 680 16, 535 0. 738 84:6... eee 
Oswegatchie. aqme. ts OM Penreee dO ene tien 560 4, 146 0. 023 33: 8 SARs 
Heuveltonye.... eke oe COSMO. db tee Once ceees 1, 040 4, 876 0. 405 13. 
Bel Weiner <7 eee ae CO Mectnccc RO (0 (nee ee Oe 2, 700 8, 495 0. 136 12. Sees 
Mowletsa.2o See PRs doRiRhacs..% fame [LAD eae 900 5,436 N.A 2220 (22) 
Hallesboréa2..)..008=. eltee GOR Ss Gator eres dO... oak 1, 490 7,009 NA 30. 0 (22) 
Pimery ville, < 2.Ga nse re Poa} Fake Omar ae 2, 030 8,007 N.A $32 (38) 
Natural’Dam seme « oee COMMS vce GOs te eee 1, 120 5,609 N.A. 23.0 (34) 
Riversidess- epee Oswefoxmariiaee carer GO Reig 800 5, 923 0. 161 23.5 (25) 
Granby Wr o.4i oases (3 (op en, Mee rs loaner o 3 Bs (PH Wal5s 0. 161 24.5 
Fultonsek erin. ee OFA rusateataee dO eee 1, 250 4, 762 0. 161 7 See 
WAINELtO tocieet, cine ee does ti cere ee Cs (0 ee ae Re 8, 000 29, 440 0. 198 17. 3.33 
Varick S28s;2.' SIaea adc dO: arte eee Clo Parra ar 8, 800 26,021 N.A. 19. 6. Tee 
High’ Dam #6: s Coles a (3 Foe RAGAN Ce 7, 100 33, 669 0. 318 20.8 (36) 
Stave th. Aroutaan Naquetteteneeniecrr doip beter 22, 500 76, 215 11. 43 104: '7each Samer 
Blake Fac. ctenc Meee DORs a kecs. en dojenarweke 14, 400 51, 905 3. 857 68, 4202 
Rambowiee.ceeeenceicck dOMeuakinrsicdtew Ok 5 hae 22, 500 82, 589 9.435 _ 1029S Gera 
Pive Falls... sage down smnce ee Oi donee 22, 500 83, 256 05657, 4103; 433ee eee 
South Colton. 3943 «200: doe ae doc ieee 19, 350 69, 567 ils Bel 85.0 eeeeee 
Higley? Sete ees). ee dGRSP RR os 565 Glomeuheoe 92 4, 480 26, 774 4. 446 45. 3 eee 
Colton: Wreck Aaa eee DONS atte ate eee rs CoE eae 30, 000 184, 312 0. 62 284.5: 
Hannawae «2 ettemans ace. dot Sie sae Ok wicca 7, 200 50, 437 0. 69 81:-Ongn eee 
Sugar*lsland¢.a sere Ot atin do3siseae 4, 800 27, 693 0. 055 63.0 cere 
Norwood S02 S226. Seca dG tierce yee es dos. ete 2, 000 14, 684 19735 20.6... eee 
Valéville. sc 25 40 AGE Fk ties ee GO eke 725 3, 702 0. 24 1250". See 
Bis Noriolk5 ease eee COMES Bere haces AG: 5 ste chat 3, 000 23, 735 0. 36 31. 9° eee 
Norfolk cent cee 2 Ce pa rar A doses ee 4, 500 23, 876 0. 032 4254! Sa eee 
Raymondville.2 se 0s Ga Oe fa eoee downn.4 See 2, 000 13, 898 0. 265 220 eee 
Prercetieldie., arene ete dO Maio ciielae ee dO” enctaenes 2, 700 13, 468 N.A 35/07 
Hewittvillese eee dOnt ences dome. 1, 770 6, 861 N.A 19.0 (37) 
Unionville: eee er (3 Co Sacto eRe erersi ie Os. eee 1, 380 7, 084 N.A 2156 (37) 
Pyrites See. Grasse fe ee kta GOvns eee 1, 500 8, 474 INVAG ee 76. 0 (21) 
Parishvillese. aes W. Bre Stes Ge. done eee 2, 400 13, 739 0.223 143.5 Fee 
Regis. 
Allenstlalls eee eee dot Seca eee (3 (oer echt 4, 400 23, 908 0.653 - 92205752 eee 
Hogansburg........ Sti Regis eee once GUS. ee 700 3, 043 N.A 10.292 eee 
INeeses Mill fe eee doteeie tt eee Gra. rns 125 0 N.A. 18/8. VERA 
Chasmyta%+..0 heer Salmon North........ doen es serie 3, 350 21, 404 0. 03 268. 3 eee 
Macomb (ase Sr Gere Aer ates ames DOr ne cwveee 1, 000 5, 546 0. 014 52).9" }Reae 
Bennetite Bridge..... Salmon South........ dors... 57ee 26, 750 52, 814 5355 283.9) eee 
Lighthouse Hill.......... dover des pea Govisue sere 7, 500 19, 691 1. 81 65: Oe Se 
Frankiin®* ae" Saranacye ese GOW sae aes 2, 265 Ue ep N.A. 54) 0 Se 
Wnion yet) cee ee hee (6 (6 bi eae tee Ric dor tetas 2, 400 0 N.A. 63..0' Fee 
Baldwinsville....... DeNeca Lie geen hos oars Gh: coe ae 640 3, 620 N.A. 8. 0° OS ee 


See footnotes at end of table. 
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Existing Conventional Hydroelectric Plants—Continued 


Name of plant River 


State 


Installed 1 


capacity 
(KW) 


STUDY AREA B—Continued 


Niagara Mohawk Power Corporation: ’—Con. 


Prospect ct mricitenystct: W. Canada Cr.. New York...... Nhs BPS 
EP renton ner oe ni te aca GOS a ei ee ne GO fete 23, 600 
IMiddletialls inca Batten Ilene ences Oa sac seis 1, 040 
Bphratalewer stm G@arogal Cree er. sehr aces eet 5, 150 
BOGRAINS 688 cise. By. Canada’ Crs yeu. ae dois woos 6, 400 
Beardsleewnmeienc tec o.: rs bots lonieeaiarardotdd CO tomate 20, 000 
Victory Mills....... Fish Cyersacsseivere ote GOs Sees a's eh 1, 280 
penuylerville; og sos c sux. 3 AO’ sukets « fee hee COME ee eer 1, 200 
Johnsonville........ PIOOSIC ene een Ose ert 4, 800 
chap nucoke sepia Ot tecisecio erie dost aeons 13, 120 
Spier Falls stic.. ce oo Hudson 2 yes tc ets GO seme 44, 400 
Sherman Island.......... rs (paced Gn nko ee Ge dons eee 28, 800 
poGlensiPallssarmciar creat Ona rhs doy arn ner 3, 800 
INMoreauenree rence. 7 one. GOts nig. saoae ae Onn eee 4, 800 
Bakers balls ares oscars ol OWinlSrin nia Beas Han COweirast is 2, 250 
BGebdward aac Ons fee caaiee ees dO sare 2, 850 
Mechanicvilles..........- (8s Sonsearpce ys a DIGS GOwa wes toe 4, 500 
Greentisland ara aris GO steatoryi et aeieeers GOR sa dee 28 5, 000 
ReedersDam seer GOs merc teitee eiiers (ley sss Siena 6, 000 
Stuyvesant Falls..... Kinderhook Cr....... GOne nae 2, 800 
School Street....... Mohawk ae nies CORE Saroe.aiee 38, 800 
Grescentarnym enn: GO eae a Gur CG lomineeernacee 5, 600 
Wischers Berry. ccna: 25s. UG greitein: foe gna Ores a aiolewes 5, 600 
Ep ea CSt- ee eis cat DACANG APA a. ces cake dO were 20, 000 
Stewarts Bridges. 00... - GO Relepasee o o sek. GOR esti incr: 30, 000 
New York State Electric and Gas Corporation: 
Kentoliallssseser: a SATAN ACh corde tie Gr. GOmren eee 6, 400 
BN tp Ce eRe cote aia tase doam caer: pte Ch Mere 2, 250 
AY VEO eas. ope edexeren stam, Opes = tegarrs Gone rercuticten 2, 400 
BAIS PANG ears sho. the sais ues dog eases: Onur seer 14, 100 
Rainbow Falls...... Ausablesic. cos aecitesine Gowan 2, 640 
COUN ere erates at pats ore Susquehanna......... GO xaisictar Norah 3, 810 
Seneca Falls........ Senecavzn prune errs Osa ee seein: 8, 000 
Wiaterloossaaee ee oe Seneca Canales GORA es 1, 920 
KMeukan ema ae re Keukai Lake. 375... - Ovaries Siscens 2, 000 
Power Authority of the State of New York: 
Robert Moses Power St. Lawrence.........do......... 912, 000 
Dam. 
Robert Moses iagaray cco. doves 32 1, 950, 000 
Niagara. 
Orange and Rockland Utilities: 
Swinging Bridge Mongaupsse- peer. dominees as. 5, 000 
No. 1. 
Swinging Bridge ...... Gowir nd Ae Rate Osa onsite 6, 750 
No. 2. 
MONG AUP sme tins Gene aes dot ae ee GLO icsin ing Ge 4, 000 
UNS sient Bac ithe ENCES OOF doles is att GOPOt ra coe 10, 000 
Grahamsville jy. 22.210 Con Wart etd ae GO Fst es 18, 000 
Rochester Gas and Electric Corp.: 
Rochester No. 2... Genesee............. 3 a ake A 6, 500 
Rochester NonS3e7 8a GOweaey: ia dats dOmerr co. 38, 250 
Rochester No. 26.2705... 98 GOS Tose One As 2 3, 000 


See footnotes at end of table. 
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Average 
annual 
generation 
(MWH) 


55, 548 
109, 750 
4, 837 
11, 058 
22, 385 
37, 194 
2, 683 
4, 680 
8, 156 
45, 072 
172, 094 
126, 176 
26, 874 
31, 682 
15, 009 
13, 960 
22, 182 
N.A. 
22, 494 
5, 894 
144, 424 
33, 527 
32, 484 
47, 756 
93, 498 


43, 202 
14, 214 
17, 670 
75, 066 
13, 898 
5, 395 
6, 697 
2,031 
4,079 


31 6, 034, 059 


31 12,497,034 


33 6, 250 
34 10, 104 


33 15, 840 
3829-715 
35. 72,941 


43, 700 
157, 000 
14, 560 


Useable ? 
power 
storage 
(1,000 
Ac-ft. ) 


ZZ 
ocOoPrProSoSoSooYrHwSoRSOOoOFPNO OOS 
~I 


11 
24 


=e 
> > > 


3. 100 


0.175 
3. 155 
3. 625 
0. 550 
4. 000 
0. 520 
0. 720 
107. 000 

6. 000 


N.A. 


N.A. 


Status 


S| .e\,e ih! \6 (0; 01-6 
sina se © a) = 


aja] | ¢ of =) 8 


S sleiele @ 0 ¢ 
ee eteeceece 


wee ee eee 


Existing Conventional Hydroelectric Plants—Continued 


Average Useable? Gross 
Installed 1 annual power static 
Name of plant River State capacity generation storage head Status 
(KW) (MWH) (1,000 (feet) 
Ac-ft.) 
STUDY AREA E—Continued 
Rochester Gas and Electric Corp—Continued 
Mt. Morris No. 160.. Genesee........ NewYork. 2: ; 340 2, 380 (37) 20 a os eee 
Wiscoy No. 170..... WiscoyeGirte ee. ece GON ee 1, 080 4, 540 (37) 104... cae 
Mills Nost72 ae. do 3. oe Oi oie nce Gb sr apace 220 870 (37) 58 wr: 5. cieeoeere 
Central Hudson Gas and Electric Corp.: 
Dashvilles. i. iat Woalkillt sc: tre sae re Cs BBR ic 4, 800 18, 000 (37) a 
Sturgeon: Pool. . 2:3 :ae GOA Bath hoe, Be Contac. 14, 400 54, 500 (37) 113 we 4 eee 
HighyPaliss | op eee Seondouwt Cnet coren re lo Pee tcrege OF 2, 120 7, 200 (37) 48 ee 
INeversink’...c .ie ote Neversink Div........ GO snes eee 25, 000 48, 000 109 $52. ae 
Village of Springville (N.Y.): 
Cattaraugus Creek.. Cattaragus  —.......... dose cosas sc 500 2, OOO sioccs sons cians 30... «aces 
Creek. 
Other Existing Plants in Study Area B: 
Philadelphia Muni.. Indian.............. Gone abe. oe 128 300 N.A. 20. oct: < ieee 
Potsdam Muni...... Raquette 22 34... «eal 1G haere sa: 187 800 N.A. 9 «a Aree 
Theresa Muni...... Indiarsad 25) on. 2.0. fate dosieanatte 130 500 N.A. 13.04 eee 
Gouverneur Muni... Oswegatchie......... rc Re apaerers Creat 160 1, 200 N.A. (Me 
LakeiPlacid Muniis . *Chubbex-24. 223 ace Gi. sh neers 332 600 N.A. 35). yaa 
STUDY AREA C 
General Public Utilities: 
Oakland....0. saris Susquehanna.... Pennsylvania... . 600 GE ricete ee ee 9.0 (38) 
Raystowni aja aes Raystowuu bie eee GOn aise ere 2, 100 9, 645 7 40.0 <p cele 
Panta tants sans ct COR wags) shore « 
Warrior Ridge...... Little Juniata: 54% 70s Od iaias. <i suokece 2, 000 1 OAS U on he Cee 26. 0. <a 
Pineyeey oe, eee Clarionener ee ecieice GOs eae 28, 800 74, 836 13.0 83: 4 See 
Deep @reek~- ee Youghiogheny... Maryland....... 19, 200 29, 992 92.9 437.0 22s 
Workihlaven seas wer Susquehanna.... Pennsylvania.... 19, 620 102, 000 2a) 22. 5. see 
Pennsylvania Power and Light Co. 
Holtwoods vigian «cesses Gr alels ci anti fo Pe nt 3 107, 200 581, 500 19.0 51.0 eee 
Wallenpaupack..... Lackawaxen.......... GOs hereto 40, 000 77, 600 158. 0 31020 * Fee 
Safe Harbor Water Power Corp. : 
Safe Harbor........ Susquehanna......... GOs. “ener 3 230, 000 918, 000 68.9 34.0" oc eee 
Passaic Valley Water Commission: 
Pattie: Balls a ee Passaichy ae New: Jersey... 2, 400 | OU0 eaetraetne preter 360° "a eee 
City of Paterson, New Jersey: 
SUM. eteiet ord ue Shar sais OG an ote Meee Res Oe canoe 3, 680 DOU. cits eee 67. 0 (30) 
Philadelphia Electric Company and Subsidiary: 
Conowingo Hydro Electric Plant. 
Susquehanna.... Maryland...... 474,480 1, 690, 000 81.0 89. Oo" =. wee 


1 Capacities include main generating units only and are 
given as reported by the plant owners. Several plants have 
auxiliary generating capacity. 

2 Useable power storage at the site of the hydro station. 

3 Enlargement of existing plant at this location is possible. 
See “Undeveloped Conver tional Hydroelectric Plants’. 

4 Generation during 1966. 

5 Usable power storage is reported by Connecticut Light 
and Power Co. 

6 Estimated average annual generation based on year ot 
median flow. 

7 Reservoir serves more than one plant. 

8 Leased to Northeast Utilities by City of Springfield. 


9 Average annual generation covers the years 1962 
through 1966 for the Niagara Mohawk system. 

10 Owned by Bethel Mills, Inc. 

11 Owned by Lovejoy Tool Company. 

12 Owned by Fellows Gear Shaper Co. 

13 Owned by Hardwick Electric Light. 

14 Owned by Barton Village. 

15 Owned by Swanton Electric Light. 

16 Owned by Missisquoi Paper Co. 

17 Owned by J. P. Lewis Company. Generation made 
available to the Niagara Mohawk system. 

18 Owned by Beebee Island Corp. 


Footnote continued on following page. 
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Footnote continued from previous page. 


19 Owned by Cataldo Electric Service. Generation made 
available to the Niagara Mohawk system. 

20 Owned by Watertown Municipal Electric Department. 
Generation made available to the Niagara Mohawk system. 

21 Owned by Dexter Hydroelectric Corp. Generation 
made available to the Niagara Mohawk system. 

22 Owned by International Talc Co. Generation made 
available to the Niagara Mohawk system. 

23 Owned by Hampshire Paper Mills, Inc. Generation 
made available to the Niagara Mohawk system. 

24 Owned by Groverton Papers Co. Generation made 
available to the Niagara Mohawk system. 

25 Owned by Sealright Oswego Corp. and operated by 
Niagara Mohawk under leasing agreement. 

26 Owned by City of Oswego and operated by Niagara 
Mohawk under leasing agreement. 

27 Owned by Nekoosa Edwards Paper Co. Generation 
made available to the Niagara Mohawk system. 

28 Estimated capacity after rehabilitation. 

*9 Owned by Moreau Manufacturing Co. Generation 
made available to the Niagara Mohawk system. 


30 Owned by State of New York, Department of Trans- 
portation. Generation made available to the Niagara 
Mohawk system. 

31 Gross generation, 1966 calendar year. 

82 Conventional hydro only. See “Existing Pumped 
Storage Plant,” for Lewiston plant. 

33 Based on 30 year average. 

34 Based on 28 year average. 

35 Based on 11 year average. 

36 Grahamsville plant is on Pepacton Reservoir of the 
New York City Department of Water Supply, Gas and 
Electricity. The limit of drawdown is not determinable by 
the owner of the Grahamsville plant. 

37 Usable power storage less than 5,000 acre feet. 

38 Application for surrender of FPC license and aban- 
donment of plant is pending. 

3° Owned by City of Paterson, New Jersey and leased by 
Public Service Electric and Gas Co. 


Notre.—N.A.—Data not available. 


IJ-1-103 


Undeveloped Pumped Storage Sites 


Average Useable 2 Gross Cost range 
Installed 1 annual power static ($/kw) 
Name River capacity generation storage head Status —————————— 
(MW ) (MWH) (1,000 (feet) 60- 80 100- 
Ac-ft.) 80 100 120 
STUDY AREA A 
Maine 
Rowe.e seem teas oor Kennebec... 2... 1, 000 3 440, 000 24.1 785 A >, eam oF ko 
Rangleyeas ees © Androscoggin... 1, 000 440, 000 26. | 940 U D Gra sh eet ne 
Moosehead......... Piscataquis...... 1, 000 440, 000 chk Plats Ue ee x 
New Hampshire: 
Fall Mountain...... Connecticut. .... 4 750 N.A. 11.0 652 a alc rita hea x 
Wantastiqucot..... 0.45. doy. fee cake 6 450 N.A. 2.3" ol ttO A DG ch sichee 
Mascontas ci sea ctac ¢ Mascoma L.- 4275 N.A. 22 920 ore cnege hoetoreens x 
Smith Pond. 
Indian Pondi.s.-- Connecticut..... 700 NA: 220 815 | aaamaa ar hohe x 
Shelburne jog. aes Androscoggin... 1, 000 N.A. N.A. 1, 500 a seein N.A 
Gorham tga. eee doadinciets: 350 N.A. N.A. 1, 200 1 hea a arc si N.A 
Site AW ayvstixg ee teste reek eens do vise ws |. 1, 200 N.A. N.A. 1, 935 [8 antes thesia N.A 
Site Bu gala N. Branch 525 N.A. N.A. 450 ee rene N.A 
Contoocook. 
Site CG aict. sare sce S. Branch 500 N.A. N.A. 600 Ui Waser N.A 
Ashuelot. 
Vermont: 
Roaring Brook...... Roaring Brook. . 4645 N.A. N.A. 820 Uo _ odiawia eee xX 
HinyeP ond wan cero Tiny Pond 5 550 N.A. 4.6 836 U —. decussate x 
Rescue L. 
Halls: akenancer Connecticut. .... 5 550 N.A: 9.0 415 Us ee eee x 
Massachusetts: 
Bear Swamp........ Deerfield....... 5 600 N.A. 4.8 770 Ae i Co Oo 
North Mountain. ... Cheshire Res.... 500 N.A. SO eel SO: 1 te ey oy 0° = x 
East Mountain...... 3-Mile Pond.... 4 800 N.A. 10. 5 800 U > Oe 
Hemenway Swamp.. Quabbin Res.... 4 900 N.A. 18.0 490 UU” © sania x 
Statewlinene ee Deerfield 47350 N.A. 3.0 810 Ul See x 
Northfield Connecticut..... 1, 000 832, 800 12,750 824 Cy? >, SOE 
Mountain.’ 
Massachusetts A.... Housatonic..... 3, 000 N.A. 29.60 1,190 A=W ine in re x 
Massachusetts B.......... COs cneeies 2, 000 N.A. 2450) 9) 15,552 A=U) aac xs 
Connecticut: 
Connecticut ALAR... vee e Otte acre 2, 000 N.A. 40. 4 955 A-U™ <eute x 
ConnecucntsBive es ee (3 Ce aera ais 2, 000 N.A. 3555) OGG ASU Osa eee x 
STUDY AREA B 
New York: 
Cornwall!e nnn i HIOdSOn aera ae 8 2, 000 1, 000, 000 25 1, 160 A?® XS Vere 
Ripley nese cre ee Ee Erie er eee 10 1, 200 N.A. 16a, 988 UG deren xX 
Bristol Springs. ..... Honeoye Inlet... 19 1, 000 N.A. Nas 2 906 Ur S86 x 
Gilboa s.r Schoharie Creek. 1° 1, 000 N.A. Wasey SO Ass Arms neaenttet xX 
Wihitehalle snare L. Champlain 10 1, 000 N.A. L2G 950 WU: sGeeeue x 
(South Bay). 
South Hill.......... Canandaigua 10 1, 000 N.A. 14, 221 a ae xX 
Lake. 
Copake = cata Noster Kill and 10 1, 000 N.A. 14.5 950 Unie ee: x 
Webatuck Cr. 
Gardiner s;,. = i256 95 Shawangunk 16], 000 N.A. Lhd Rels246 Lo” Mie sepe ere aes x 
Kill. 
Napanochine Asatin cocoon. Otis a says 10 1, 000 N.A. 9.6 1,440 UW (ime: Aaa eer x 
Three Ponds........... L..George..«.'0. 5 280 N.A. N.A. 941 Usterp eee N.A 
Crossett, Ponds aint toe Goremccrrns 5 1,000 N.A. N.A. 1, 221 Waar N.A 
Jabe; Pond! 5. 6.ch een CO. deqnuene 5 190 N.A. N.A. 990 UAtle Vaees wc N.A 
Lake Bonita........ Hudson ae aera oe 5 100 N.A. N.A. 440 (0 Rae Sey N.A 
Lake Anns) ;. (Go ee doeenas see: S156 N.A. N.A. 624 Ul eee N.A 


See footnotes at end of table. 
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Undeveloped Pumped Storage Sites-—Continued 


Average Useable 2 Gross Cost range 
Installed | annual power static ($/kw) 
Name River capacity generation storage head __ Status 
(MW) (MWH) (1,000 (feet) 60- 80- 100- 
Ac-ft.) 80 100 120 
STUDY AREA B—Continued 
New York—Continued 
ESTAS Cc ee Hudsonsee. a... G3 NA: N.A. 644 Ug pes Se N.A 
pkaneateles.. 2.52). 46 Skaneateles 5 440 N.A. N.A. 915 A Sams fons N.A 
Lake. 
5 FZ a rR eee Middle Brook. . . 382 650, 000 8.8 DOs | apobstoc.trec xX 
IN ETA Se eae Elk @reeky eer 593.5 1,010, 000 11.0 68550. UNG) Ser: >.< 
PTO er obec Ate oF 5 ain Oe Charlotte Cr.... 571 970, 000 11.0 GSR US 6 ig FRE xX 
8 Ea ee eee Butternut Cr.... 566 960, 000 10. 0 419: 0. US wa. ets x 
STUDY AREA C 
New Jersey: 
Longwood Valley... Rockaway...... 1135 225, 000 3:3 SO2AO MENA) Me cuts oteien: x 
Kittatinny Mtn..... Delaware....... 12 1, 300 2, 250, 000 1650 get, 100505 “A > San cme 
Pennsylvania: 
Kinzua Project...... Allegheny). 5 355 550, 000 6.5 665 CS. Wenig erates x 
StonyaCrecky 4. Stony Creek.... 1,110 972, 000 1550 9/520 RHANRIY Write cate oo er: x 
eed Pa acme diye c's: wile ous, 5:3 en fae ee 830 1, 410, 000 1223 BOSs00 UU; Might o3% »,€ 
‘3 OS. bs ae beeen Sideling Creek 750 1, 280, 000 CE Pe 4! a 8 ean rere x 
REO ee eat ee vere o woes DOue oot = 645 1, 100, 000 U0 ams, C9600 OU" Fo x 
ES IIE By 0 Semen a pes Conadoquinet 620 1, 050, 000 a5 Ose OG. ae >.< 
Creek. 
are vetir stant Aughwick Cr.... 410 700, 000 6.0 OlIRGE LO igen ns xX 
PSO Mie ives ne ace Mahanoy Cr.... 790 1, 340, 000 972 Sizs0n Ue © lnc sas ds 
REO aP ects tol Sic. clone Honey Creek... . 515 880, 000 Sige: sealed al 5 Ue Wad ace ecmallaeicryrat or x 
INIT KOE Pen aleectsres eases & Wycoff Run. . 1, 370 2, 320, 000 LOS Sel, OS 7 One Ure ene oe x 
ee ees. ws  dcid es dows. Sscnes 610 1, 040, 000 8.8 SISO Lia ss His xX 
Mel SA cag 35 ass oes Mix Run... «4 742 1, 260, 000 S30 Se 1720 EU. eald.s 3. 22 >.< 
Wd oe perc) sats he Si sls ay « (a Pe Oe rs 630 1, 070, 000 S10 ae) OO25OMRU Sree x 
Eee Mehoopany Cr. . 1, 000 1, 700, 000 LOSO Me 26240 U Seer Xx 
KS soseerescsc soo Towanda Creek. 540 920, 000 T2O0m= 15.0092 000 Ui enrtaneek x 
(ENS A a ee ee Shader Brook... 530 900, 000 7.8 SOs US iwiaies ss x 
| er Mehoopany Cr.. 1, 750 2, 980, 000 bi mek, 2/080) LU) babu. 8 22 xX 
B-Oiicstiah sae steels Susquehanna.... 200 340, 000 7.0 SOS50% UW eeees.. oe x 
OIA asim & sishemininys Doubling Gap 456 780, 000 6.7 876,07, UY Sie eGo xX 
Run. 
RBA, gsi ane dpacsidv ens Standing Stone 900 1, 530, 000 16. 2 v1) 2 hd 0 em © AN Di ore ree xX 
Creek. 
Mia BF cite... oa 5 se G. B. Stevenson 630 1, 070, 000 2A DEL 1 SO Oe UG Get. oe xX 
Reservoir. 
iB Yas 5 Ree ee Kettle Creek... . 270 460, 000 Paste) + a) e-P-G 0 Fe Oe aan ek ee er xX 


1 Installed capacity, based on 10 hours full-load use of 
storage, except as noted. Further studies necessary at un- 
developed sites to determine proper relationship between 
storage and installed capacity. 

2 Power storage for undeveloped sites is the largest feasi- 
ble, as controlled by either the upper or the lower reservoir. 

3 5% annual load factor. 

4 Based on 8 hours full-load use of storage. (Ref. Note 1) 

5 Based on 6 hours full-load use of storage. (Ref. Note 1) 

6 Based on 4 hours full-load use of storage. (Ref. Note 1) 

7 Installed capacity based on useable storage of 8500 
MWH and a weekly cycle for refilling the upper reservoir. 
Studies currently being made to determine ultimate capac- 
ity. The 832,000 MWH shown under ‘‘Average Annual 
Generation” is an estimated average for the first 6 years of 


operation. Thereafter, the average annual generation is 
estimated to be 1,500,000 MWH. FPC license has been 
granted, project is under construction. 

8 Net dependable capacity. 

® License pending decision of Federal Power Commis- 
sion—Project No. 2338. 

10 Based on 12 hours full-load use of storage. (Ref. Note 1) 

11 Work confined to mechanical equipment pending ap- 
proval of FPC license application. 

12 Combined conventional and pumped storage. Based on 
about 11 hours full-load use of storage. 


Notes.—N.A.—Data not available; A—Plants under 
active consideration; U—Undeveloped, but potential site; 
C—Under construction. 
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Existing Pumped Storage Plants 


Average Useable Gross Cost Range 
Installed annual power static ($/KW 
Name River State capacity generation storage head 
(MW) (MWH) (1,000 Ac-ft.) (feet) 80- 60- 100- 
80 100 120 
STUDY AREA A 
Northeast Utilities 
Rocky River.! Housatonic. Conn...... 31 4912, 750 142. 560 230 ios 0a ee (?) 
STUDY AREA B 
Power Authority of the State of New York 
Lewiston Pump— Niagara.... New York. . 240 3 420, 773 60. 0 65=100 225 3 (?) 
Generating Plant. 
STUDY AREA C 
Public Service Electric and Gas, General Public Utilities 
Yards Creek. Yards Cr... New Jersey 4330 5520, 000 4.7 a ANE) ae 8 ase D Gam 
Philadelphia Electric Co. 
Muddy Run Susquehanna. Penna...... 800 ° 1, 300, 000 Bees LAME RN A 3 Xs Fee 


Pump—Storage 
Generating Plant. 


1 Plant differs from day-night plant in that operation is on 
a seasonal basis and the upper reservoir receives substantial 
run-in-from 40.4 square mile drainage area. Installed capac- 
ity is based on one conventional generator, rated at 24 Mw, 
and two reversible pump-generators rated at 3:5 Mw each. 


derived from pumped water is estimated at 6,000 MWH. 

2 Cost was in excess of $120/KW. 

3 Net generation, 1966 calendar year. Operates in con- 
junction with Robert Moses Niagara Power Plant. 

* Based on 8.4 hour full-load use of storage. 


‘‘Average Annual Generation” derived from net run-in to 5 Estimated. 


upper reservoir is estimated at 6,750 MWH, and generation 


Gas Turbine and Internal Combustion Peaking Units 


Nameplate Fuel 
rating consumption In- Shaft Method of 
Type Fuel type at fullload service speed operation 
MW P=“. (BTU/ date (RPM) 
KWH) 
STUDY AREA A 
Maine Public Service: 
Caribou Unit No. 1....... Ic POOR O) Cee Now 2tollereir N.A. 1947 327 Manual. 
Caribou Unit No. 2....... Ic 2509 38) aie s(0 go, Seiore NA 1948 225 Do. 
Caribou Unit No. 3....... IC 2509 g OAc nets GOwaa-s: N.A. 1948 225 Do. 
Caribou Unit No. 4....... Ic 1. 00 5 meevoucveitee BOs ais ronersvs ‘N.A. 1948 360 Do. 
Caribou Unit No. 5....... Ic 1. 00 “i Digg sien'ere Gon ate ae INSAS 9) 951 720 Do. 
FloieInn<i<-3) 9 3 eae Ic 6.0 Bn args. 2 dow. oe 40 11,145. 1959 900 Auto. 
Houlton ....:.><. aon IC 1.0 ee ae Osiris N.A. 1949 360 Manual. 
Bangor Hydro-Electric Co. : 
Bast; Machias: sacri. bees Ic 2.0 Od Boe doy yd ee: 10,430 1949 327 Manual. 
Eastport No. 1... 2. seen: IC 1.0 OOS galas dosteaaach 10,430 1949 327 Do. 
Eastport#No..2 5.10 ee ene Ic 1.0 BF aW ses GOs ae ees 10,430 1949 327 Do. 
Eastport Nos3ecuen: ore Ic 2.0 Os Pasha Co Faia 10,780 1962 900 Auto. 
Milford: 05.83. de son sae IC 2:0 5 Bieri e's dost iack 10,430 1949 327 Manual. 
Medway ness bwitciess ba: Ic 8.0 Outs. Jee doa: na 10,500 1960 900 Do. 
Bari Harbor... . seasuecene Ic 8.0 ES Pern acre downs 10,920 1961 900 Auto. 
Graham Station No. 1..... GT 6.0 2 0 ee GOs carenazad 14,180 1950 3,600 Manual. 
Graham Station No. 2..... GT 6. 0 of: ee A DO syerevaters 14,180 1952 3,600 Do. 
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Gas Turbine and Internal Combustion Peaking Units—Continued 


Nameplate Fuel 
rating consumption 
Type Fueltype at full load 
P.F. (BTU/ 
KWH) 
STUDY AREA A—Continued 
Central Maine Power Co.: 
Farmingdale. 32)...5660. 4600 GT 4.0 8. ONop2ole.utix* 22, 200 
RGCKIANG See cise ass = Ic 2.0 Bs et, do. stent 11, 057 
Peaks Island No. 1........ IC 0. 24 Oe ae, do./airaicat 11, 057 
Peaks{sland No: 27% .....2 Ic 1.0 io be do.@haeeet 11, 057 
Peaks Island No..3........ IC 0. 52 sO ) OS: doeatheX 11, 057 
ESIEDOCOUNOS  Bceuieecicw sss IC Ons LO Ree os does. 11, 057 
IsleboropNos2 «2 tee sinc. 8 IC 0. 13 S. Re dona: Bs 11, 057 
Lubec (Maine) Water and Electric District. 
IC 0.9 1 BPE donsiict a. 12, 500 
Ic 0. 2 TM tad: dO its 2 12, 500 
IC 0. 2 | ee ee do: Mis.cosss 12, 500 
United Illuminating Company: 
Bridgeport: Harbor......... GT 18.5 Os MEPOES A 2s OOF orn 13, 650 
New England Gas and Electric Association: 
Provincetown. 2.00.06... Ic 2.8 -8 Diesel oil... .. 10, 300 
Ic 0. 42 es dosrix son 13, 485 
IC 0. 24 ee gor Od Anse d.. 13, 485 
IC 0. 24 Ce eee DOLte es va 13, 485 
Ic 07.12 Bee, do.ade 13, 485 
IC 0.15 882%: dod. 13, 485 
New England Electric System: 
South County............. IC 5.0 So Nos2voilaeees- 10, 440 
pouth Countyce. ci. 6 oe sss Ic 5.0 Ty pare GO seen 10, 440 
Gloucester Acc... fees cose IC 10. 0 BAe >. GO wets 9, 870 
iBraytonseointy....cneeee- IC 11.0 Bye ayers re (eo 10, 000 
SOUm Sree moe 5 Siete... 2 Ic a0 8 aD. BO webs «hs 10, 000 
Gloucester. @6 50 sits oh oo IC 11.0 See dO Mee 10, 000 
MynnWaysg.e <3 Sask tla'ssis IC 22.0 Se dovacantr 10, 000 
Boston Edison Company: 
“L” Street. GT 18.6 BS + Oulk penucaen: 12, 560 
Public Service Company of New Hampshire: 
Swans, Falls 2... Fsoue). oo es IC 3.0 8 26.0%. dO sia, ee 12, 510 
White Lakes. .6 250)... 3 GT 18.6 ed (eR 17, 650 
Moertimack tio. 14 iiss. ss « GT 18.6 OO Riyaes. dO ashes ous 17, 650 
Eastern Main Electric Cooperative, Inc.: 
Calaishl—4)0 s5. acts. oad Ic Die 85 No. 2 oil....0%.% N.A. 
Catan) suc ties Shia. <5 2 IC 0 CBS eatin: dogs. Fs N.A. 
Calais (Portable).......... IC 0. 3 OO Mat ra lo Pee Ath N.A. 
Vinalhaven Light and Power Co.: 
Vinalhaven. Ic 0.17 8) ng. Siete do. s:.,.:06 N.A. 
Ic 0. 25 84 gb dO ia sic Bei N.A. 
Ic 0. 35 Beans pa fe Pa eR N.A. 
IC 0. 07 8 idee COR os San N.A. 
Ic 0. 39 B iis anek dolce. N.A. 
Citizens Utilities Company: 
Newport No..1....2%).....% Ic 1.1 NeASi eer GOs 5c Wes 10, 900 
Newport No. 2............ Ic 13) N.A a8 (oe oe 10, 900 
NewportiNo. 3... 0h stad... Ic 6} | NAw ise dO sa aah. 10, 900 
Newport. No. 4... 4.0... Ic 0.92. N.A $.dOs. eens 10, 900 
Newport No. 5............ Ic 0.92 N.A dO sic. ees 10, 900 
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In- 
service 
date 


1950 
1948 
1940 
1948 
1942 
1963 
1966 


1952 
1941 
1942 


1967 


1968 


1934 
1929 
1929 
1938 
1938 


1952 
1954 
1963— 
1964 
1966-— 
1967 
1967 
1967 
1968 


1966 


1942 
1968 
1968 


1948 
1934 
1960 


1948 
1954 
1959 
1939 
1964 


1954 
1954 
1954 
1948 
1948 


Shaft 
speed 
(RPM) 


3, 600 
720 
460 
360 
327 

1, 200 

1, 200 


720 
300 
450 


3, 600 
900 


400 
257 
257 
400 
400 


720 
514 
900 


900 


900 
900 
900 


3, 600 


720 
3, 600 
3, 600 


600 
720 
1, 200 


N.A. 
N.A. 
N.A. 
N.A. 
N.A. 


720 
720 
720 
720 
720 


Method of 
operation 


Manual. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 


Do. 
Do. 
Do. 


Semiauto. 


Standby and 
Peaking. 
Do. 

Do. 

Do. 

Do. 

Do. 


Manned. 
Do. 
Automatic. 


Do. 


Do. 
Do. 
Do. 


Do. 


Manual. 
Automatic. 
Do. 


Standby. 
Do. 
Emergency. 


Manual. 
Do. 
Do. 
Do. 
Do. 


Do. 
Do. 
Do. 
Do. 
Do. 


Gas Turbine and Internal Combustion Peaking Units—Continued 


Type 


Citizens Utilities Company—Continued 


NewportiNo: 6... fence ee Ic 
Newport No: 7ineth sce Ic 
Enosburg Falls No. ]...... Ic 
Enosburg Falls No 2...... IC 
Hardwick, Village of......... IC 
Newport (R.I.) Electric Corp.: 
JEPSON eo. 3.44 ee ee oe Ic 
Ic 
Ic 
IC 
Hudson (Mass.) Light and Power Dept. : 
Cherry Street No. 5....... Ic 
Cherry: Street No.\79. 2... Ic 
Cherry Street No. 8........ Ic 
Cherry Street No. 9....... Ic 
Cherry Street No. 10...... Ic 
Cherry Street No. 1]...... Ic 
Cherry Street No. 12...... Ic 
Peabody (Mass.) Municipal Light Plant. 
Ic 
IC 
Ic 
Ic 
South Norwalk (Conn.) Electric Works: 
Noi2aitdok:s as te ae Ic 
INOS SAGs as oweta eee Ic 
INO: BAF eas 6:5 oer arc te IC 
NO*ST See eee ee Ic 
Island Light and Power...... IC 
IC 
Ic 
4 IC 
Ic 
IC 
Nantucket Gas and Electric Co. IC 
Ic 
Ic 
Ic 
IC 
Wolfeboro Mun. Electric Ic 
Dept. Ic 
IC 
Ic 
Ic 
Northeast Utilities: 
South Meadow........... GT 
Middletown No. 4......... GT 
Norwalk No. 32. 26. cuee GT 
DevonyNo.9 vo. eee ee GT 
Torriigtonctws Aes. «20k GT 
Lracyel. 2c: Geet. c cee GT 
BE. Springfield. 7. 06-=.. 0.50 GT. 


Nameplate 
rating 


Fuel type 
P.F. 


STUDY AREA A—Continued 


0.92 N.A. Manual....... 
ON92 9 NVAl eee (a (OM es is 
0420 “EN Asses Gow 
0369. . NiANeteee dows. eee 
OY675 NAL eee (0 (OR ae 
2.0 8 Diesel oil..... 
2.0 SIE. dOwe ne. 
250) 3 oy. oy doe es. 
2.0 Soa eee. GOs= seer 
1.0 80 Oilescea ie 
393 1D ee dol... eee 
4.0 756 OWING te 
3925 95-F GOt ccs 
2.0 80 ae elo enc 
2.0 80 ne: (s (a REN 5 
4.3 80) Tas re (oy Sy Bp 
one) 80 No. 2/No. 5 
2525 OU ak eer dose ee. 
2. 25 OU) earns dost. 
4. 40 80 No. 2/N.G 
25,0) 8) = sNo:-2. oil ae: 
2.0 SPS oe Goat e 
3.0 oP eso a done. 
Baz 8. doweer= 
0. 03 te P doe Sie sess 
0. 12 Bo ows aes dows: Be. 
0. 25 Ais Meee, |e dows. sae. 
0. 18 Bete ercetecieud dOveaiiaat: 
0. 40 bs eer fis dow a. 
0. 50 Sa ee (elope ng ene 
0. 70 Sd. ee dogs. 51th 
125 cee, Sei dose. 
1. 50 S sae. dos: . 28 
150 CA ae Goshen 
3. 00 8. Fee dow. 23; 
1. 14 aE 2 GOs cae. 
0. 24 8 aes toh Mero ee 
0. 30 Seas Go waactace 
0. 56 8. 2 ae. dot. uee 
0. 78 So ee GO. crt: 
10. 0 8»: JPeSiens ae 
20. 0 85) [Ra eee ein 
16. 3 9 Now2.0il. ee 
16. 3 ee dozer 
20. 0 85 | [Pao ei accee 
16.0 350 .Now2.0ll ee 
16.0 Sj 00 outers do: stick 
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Fuel 
consumption 
at full load 
(BTU/ 
KWBE) 


In- 


service 
date 


1948 
1948 
1938 
1949 
1948 


1960 
1960 
1961 
1961 


1937 
1951 
1955 
1960 
1962 
1962 
1962 


1948 
1949 
1949 
1966 


1940 
1942 
1951 
1960 
1946 
1948 
1952 
1958 
1959 
1965 
1948 
1953 
1957 
1963 
1966 
1955 
1928 
1938 
1942 
1950 


1962 
1966 


1966 
1966 
1967 
1967 
1967 


Shaft 
speed 
(RPM) 


Method of 
operation 


Manual. 
Do. 
Do. 
Do. 
Do. 


Remote. 
Do. 
Do. 
Do. 


Manual. 
Do. 
Do. 
Do. 
Auto/M anual. 
Do. 
Do. 


N.A. 
Do. 
Do. 
Do. 


Peaking. 
Do. 
Do. 
Do. 

Manual. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 


Peaking. 
Peaking, 
Sta. A. 
Do. 
Do. 
Peaking. 
Do. 
Do. 


Gas Turbine and Internal Combustion Peaking Units—Continued 


Nameplate Fuel 
rating consumption 
Type Fuel type at full load 
P.F. (BTU/ 
KWH) 
STUDY AREA A—Continued 
Northeast Utilities—Continued 
Bar AT once dienccotcce tices. 0 GT 20. 0 eOS. [PHS ee ee 11, 899 
W. Springfield No. 4....... GT 20. 0 WOOU 4 gies Gone ee 11, 800 
Banfieldtee sun wo cncc Stern alesse: GT 20. 0 RS ree ac donee: 11, 800 
ME STET SN} betes Slop ncn Sy ae GT 20. 0 rts Sp (nage, 3 Goris sn8 ¢ 11, 800 
Brandfords vas ane ce ac GT 20. 0 ) OOler tte dotted 11, 800 
Woodiand 5... icltes ch soos GT 20. 0 Oe ee dow 11, 800 
Thompsonville No. 1...... GT 6. 0 .8 No. 2/Gas 14, 900 
Thompsonville No. 2...... GT 6. 0 Ee ater dons es 14, 900 
Danielson. No. 1........... GT 6.0 ( Saeeas down <a 14, 900 
Danielson No. 2........... GT 6.0 RON antes GOs ek eee: 14, 900 
Montville fe. eects ces IC 2575 70) Now2 oily. 5: 20, 900 
Ic 2575 28° acateys deze. 20, 900 
Holyoke Gas and Electric Dept. 
GT 10. 0 82 PRS s cytes 6 14, 200 
Town of Ipswich, Mass., Municipal Light Dept.: 
Elighesireet. oe in yo IC 0. 51 a0) No. 2oillten ae N.A. 
Ic 0. 60 Ph OR «ot dose: N.A. 
Ic 0. 73 UoF eee dorset: N.A. 
Ic 1.00 4 SP uae e dotowee. N.A. 
IC 1.14 PS: Namie aa do-erer... N.A. 
Ic 1. 14 2.0 eta: dow sast 4: N.A. 
Ic 1. 36 ROMMC ects dower ese. N.A. 
Ic 1356 BS seen doar. N.A. 
Ic 1. 36 387 eae. do..t 5 eis N.A. 
Braintree (Mass. ) Electric 
Light Dept.: 
MaintSte Nols. ogee oes IC 24665 | a 8" ta.S ae dowsee ee 10, 500 
IMaingStNow2r. nn cece Ic 2E6O5 eas sone. dow ee 10, 500 
Marblehead (Mass.) Municipal Light Dept. 
IC 1. 14 eS) OUR ater. N.A. 
Central Vermont Public Service: 
RutlandsNowl i, saeco. oe GT 6.0 OMe NOW NosGrer 12, 150 
Rutland Nos 2.5. ages... 46 GT 6. 0 Oi ees don wake: 12, 150 
Raitland NOw325 4c ciel cite GT 6.0 LOM. ope: doses 11, 850 
Rutland No. 5.44. se «ee GT By, Ys | COR: doses... 15, 300 
INSCUTDEY tay. cies chee ss GT L3R2 nODe Nov 2a eee 15, 600 
SttAlbarie No. | tac% fs... IC 125 eel OO uke. do-ceee 11, 400 
StAlbansiNo. 2.5:4r....-. Ic P25) 8100. cea: dose sete 11, 400 
Green Mountain Power Corp.: 
Gorge eter = s:2 Atle ate ce GT 17.0 HP eS aN doses 15, 080 
BissexuN Osler dann mtail secre: IC 1.0 OM. aetare rs Pons SA 10, 900 
ssexs NON 2 fica teen ee os he Ic 1.0 Pats ener eer ae dose: ¢ 10, 900 
Fasexp NOs 3e.dcoe ete cc 6 aves IC 1.0 palo ARPT, re (ey ie eee 10, 900 
EISSEXUIN OW 4 Weta s 6a uaa IC 1.0 Beh Grd aanve downs. 10, 900 
Wergennes Nowe eee ace Ic 2.0 SO to kee. doisite .: 10, 300 
Vergennes No. 2o02 30)... Ic 2.0 ~So BE es dot. ait: 10, 300 
Barton Village: 
Barton Nowlin wee tee. Ic 0. 35 Biel ses 5.8 donne. 10, 900 
BartonsNos 2c: sae Ic 0. 35 Mhel saee, Bic doen tie: 10, 900 
BartoneNows weer eee IC 0. 35 OM: (6 Coloeagig Stee 10, 900 
Barton’ No.4. 2c 0. s60 «26 Ic 0. 35 SOs Meas dO sacctec: 10, 900 
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356-239 O- 71-9 


In- 
service 
date 


Shaft 
speed 
(RPM) 


Method of 
operation 


Peaking, 
Sta. A. 

Do. 

Peaking. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 
Peaking, 
Sta. A. 

Do. 


Automatic. 


Manual. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 


Auto-Remote, 
Do. 


Direct. 


Manual. 
Do. 
Do. 
Do. 

Automatic. 

Manual. 
Do. 


Automatic. 

Manual. 
Do. 
Do. 
Do. 
Do. 
Do. 


Do. 
Do. 
Do. 
Do. 


Gas Turbine and Internal Combustion Peaking Units—Continued 


Nameplate Fuel 
rating consumption In- Shaft Method of 
Type —————_———___ Fuel type at fullload service speed operation 
MW OP‘. (BTU/ date (RPM) 
KWH) 


STUDY AREA A—Continued 
Swan’s Island Electric Coop.: 


Minturn. Ic 0. 10 a a OT ee ei cara 5 NA. sou N.A. N.A. 
Ic 0. 10 Biers tetonds Cs fe fe Ree N.A. 1950 N.A. Do 
Ic hers fie Ray ES N.A 1965 N.A. Do 


Niagara Mohawk Power Corp. : 


Al banyic ions an yenlete etnies ate Ic 7 -8 No. 1 diesel... 12,400 1967 1,200 Manual. 
Dunkirky cs cee eee Ic a A Barrer GO, hee: 12,400 1967 1,200 Do. 
Huntley; 42. eee ee IC vid lh Wares dove sans 12,400 1967 1,200 Do. 
OSWERO ss cat yofcs eM bce IC U/ Bee dowvesee:: 12,400 1967 1,200 Do. 
Nine’Mile#.. or, ee Oe IC 2:5 -8 No. 2 diesel... 11,120 1967 900 Do. 
Nine Mile........c2eawee IC 25 5B Rare dOnt. sean 11;.1207 31967 900 Do. 
New York State Electric and Gas Corp.: 
Deerland Uniti. 2.6 Ic 3, 1s Ser Oil See 12,405 1929 257 Manual. 
Deerland Unit 2.......... IC m2 3B) | eee doi. ee 15,162 1929 257 Do. 
Deerland Unit3a-c.. oe Ic “1487 (295 nee dof sone: 10,578 1939 300 Do. 
Deerland Unit 4.......... Ic a1 : Ota dose seis. 18,195 1947 1,200 Do. 
Deerland Untt Sennen eee IC 4 SOs Neer do serene 17,058 1950 1, 200 Do. 
Gadyville Unit 1.......... Ic 3/0 <8) tees GOs... es 11,372 1947 600 Do. 
Gadyville Unit 2.......... IC 246 + B enints. dose eta 10,580 1947 600 Do. 
Gadyville Unit 3.......... Ic . 76 3 BF cee dos anne 10,511 1947 600 Do. 
Milliken Unit A........... IC PL 7G RGome pseeehe down e 10,170 1967 900 Semiauto. 
Milliken Unit B........... IC YL, 1h Pa a Retest do... 10,170 1967 900 Do. 
HarristLake tener ete Ic 2.0 <8) WS down re. 10,238 1967 900 Automatic. 
Rochester Gas and Electric Co.: 
Station S/incp asec eee GT 18. 00 OR I doses see 13,850 1968 3,600 Manual. 
GT 16. 65 1 Oe ee downs cee: 14,250 1968 3,600 Do. 
GT 18. 75 ae PG cor dos ces 14,500 1968 3,600 Do. 
City of Plattsburgh.......... IC 2.10 53). Nowt2ous aes N.A. 1941 225 Emergency 
Standby. 
Ic 1. 14 6 BP eee GOc.u N.A. 1953 720 Do. 
Village of Skaneateles Municipal Electric Dept. 
Ic 0. 38 2 OF ha. ae Goveceee: N.A. 1941 600 Manual. 
Long Island Lighting: 
Montara cn cot tie ties nist IC 4 oO Rese GO: x: an 2. 10,250 1961 900 Supervisory. 
Easthampton. soe eee Ic 8 2 O pees dO -2/.80 ss 10,250 1962 900 Do. 
Southampton. eee GT 11.5 = O57, dose 16,100 1963 3,600 Do. 
Southold ss am aes eee GT 14 5 Ons Tae (Gee Gigae 15,230 1964 3,600. Do. 
West Babylon. ....2.te ask GT 55. 8 ¢ OO ats GOs: ees 13,520 1966 3,600 Do. 
Boks Barrete ALG ues GT 18.6 MODs Chee GOue ese 13,520 1966 3,600 Remote Panel. 
Glenwood APG........... GT 16 -85 Ol/NGZe. J. 14,740 1967 3,600 Supervisory. 
Northport APG........... GT 16 ON O42 (Ol eeierer 14,740 1967 3,600 Remote Panel. 
Port Jefferson APG........ GT 16 » BSG eae do. geen 14,740 1966 3,600 Supervisory. 
Consolidated Edison Company of New York: 
GT 15525 x00. ONG. 2ta eee 15,600 1967 5,100 Remote and 
Local. 
Astoria. 
Ravenswood: .. te seen GT 15. 25 , 85.88: dois... 15,600 1967 45,100 Do. 
f4ch'S treet sau vak esleoee eh GT 35.0 : 85. Nox? oil. ..2 2. 15: 290 ott ees 48, 650 Do. 
Hudson-Ave ee eee GT 34.9 > ORee er GO serv erste 7 OOO Bopetate agate 48, 650 Do. 
oothotreete eee ere se GT 34.8 Fig otra acs cf doveuses. Tg SOQ tee cvacsite 48, 000 Do. 
Endiain Pont cc. sae se GT 21 | OOme eee Gow ane: 14,5250 ae hones 3 44,910 Do. 
ent Avenues cee ee GT 24 78) cee. doses: 6,. 6/05 dee. wos 48, 000 Do. 
Watersided.<.3 car sea GT 12 =O ene dOtn eas 6, 6/02 tec aeee £8, 000 Do. 


See footnotes at end of table. 


II-1-110 


Gas Turbine and Internal Combustion Peaking Units—Continued 


Nameplate Fuel 
rating consumption In- Shaft Method of 
type —————_—_.. Fuel type at fulliload service speed operation 
MW P.-E. (BTU/ date (RPM) 
KWH) 


STUDY AREA B—Continued 
Greenport Electric Department: 


Greenport Plant.......... Ic 0. 42 8. No. Idiesel?.:. 7) 1929 225 Manual. 
Ic O27 PO Oso Savisin's sho temm ote, see 1927 225 Do. 
Ic 0. 72 ABs tale dO Reo. > ae e ss 1948 720 Do. 
Ic 1525 Be SNARL GAS oe eetlcs so Atha cbs a 1957 360 Do. 
Ic 1. 875 ee Ovids ie tates arin stmt aehee s 1964 360 Do. 
Ic 1. 00 oR \pcier GOs rotihe won cms eile as 1941 300 Do. 
Rockville Centre Electric Dept.: 
Rockville Centres... > 4 Ic 2.0 .8 ' No. 2-4 oil... 10,000 1932 120 Do. 
Ic 2.0 B04) Soe. dos = oes 10,000 1936 120 Do. 
IC 2.0 aS i aves dow. ax 10,000 1942 225 Do. 
1c oes 8s va awe dG. scan. 10,000 1950 225 Do. 
Ic S52 a8. \Natipas..5 <- 10,000 1954 225 Do. 
IC Baz eS eee GOW Sorat 10,000 1954 225 Do. 
Ic be? NO een Os atc 10,000 1962 240 Do. 
Ic 6. 4 2 ge Ar dos. 5). 10,000 1967 257 Do. 
Village of Freeport Electric Department: 
Plant No. 1: 
MIDILING: 9 ac 2. eee oe Ic 2.14 a8 Nos2,oib.) sah N.A. 1941 240 Do. 
RIRICIN OF LO oie eet estes 3 Ic 212 23. ,NoxGroil...2.. N.A. 1949 225 Do. 
URINE L erenere: «ences Ic 3. 10 2G crate dO waes 10,314 1953 257 Do. 
DIINO AI2 a ocanern an a.'e Ic 5. 15 BO. Sachin Osis ster 10,000 1964 240 Do. 
Plant No. 2: 
MIRIEING 3) ions 5 atetere «ieee Ic 10.0 NLA: soe do siraatte 9,500 1969 124. 14 Do. 
MIBIEINO 2 vie as copes ot Ic 10. 0 INTAC iene DOs sea ts 9,500 () 124. 14 Do. 
Central Hudson Gas and Electric: 
Danskammer Unit 5....... Ic 74, U8) Ol me ieselarerarnsenct: 10,420 1967 900 Peaking. 
Danskammer Unit 6....... Ic Pe HIS) 28 (ose dO wsswitrers 10,420 1967 900 Do. 
Lawrence Park Heat, Light, and Power Co.: 
Bronxvillesas. a. seo6 ace Ic 0. 25 oO ee Diesel acy reater. N.A. 1948 N.A. Manual. 


STUDY AREA C 


Public Service Electric and Gas Co.: 


ESSEX: aeeaarey ence ay nus es or syent ie ayes GT 30 2 OO | Gas Nerciererses 18,150 1963 3,600 Peaking. 
SEWaAreD sy creqeccise.c) sicreyasces ayers GT Gy S90)! seer GO emis’: 15,170 1965 3,600 Do. 
Kearny. weer iicke os skcneueirerener GT 18. 6 OD Rmoner GOnercier 13,650 1967 3,600 Do. 
BETZEN fers riie ceases. yates vet GT 18.6 OO Raa faba enecaantst 13,650" 1967 ~3, 600 Do. 
DANCE weirs te tate os erie GT 18. 6 BOS Geass Pate Ria dure 13,650 1967 3,600 Do. 
Bailing tON sects at ctapepe ee GT 18. 6 ROOMS erosele sete 13,650 1967 3,600 Do. 
IMEI OK, seers ict shelicihty aoe shapes eer GT Wiley 74 OT | Gas sere ig rope 155170)" 1967, $£3,,600 Do. 
PAM CSODM ee clos us ale os GT 11552 Oe Cetera dO es 7 apes 15, 1/0 g01962™ 3,600 Do. 
IC CALTIY os ect cis aescers, OT uckoae ws 23 GT 115.2 BOD waroncas 2 lO: Aye tees: 15,170 1969 3,600 Do. 
BS CATT Vert grates Were arses yee ees GE 115. 2 SOA ceca LO ies tara 15,170- 1969  ~3,600 Do. 
National Parkin trig cans 7 arcnies « 18.6 . 00) INerosené.4.). « 13,650 1969 3,600 Do. 
Philadelphia Electric Co.: 
Plymouth Meeting........ Ic 6 SG. ee Olle ere tes 10,100 1959 900 Automatic. 
Barbados Unit 6.......... GT 22 Gate m GAS ae a lenessnten 15,800 1961 3,600 Do. 
Barbados Unit 7%)... 0-4 GT 23 OO" GAOCky. dO sie 15,300 1967 3,600 Do. 
@romby nae onc wt s sgere-f oe Ic 2079 OO, | Oil Aare oer scust 10,450 1967 900 Do. 
Delawarese cis. ok Aa ice fe; 2.75 MO ee as doaniats 10,450 1967 900 Do. 
Ecdystoner ol rss yan ons GT 18. 6 Oo art, dom eee 12,600 1967 3,600 Do. 
RAchmMONCGeet eet iem rere IC P23; US MOO ae as dos anerrr: 10,450 1967 900 Do. 
BouthWarka wnscidac< sce. « Ic oe, Ps) BO Ys ate GOsa 2 eure. 10,450 1967 900 Do. 


See footnotes at end of table. 
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Gas Turbine and Internal Combustion Peaking Units-——Continued 


Nameplate Fuel 
rating consumption In- Shaft Method of 
Type Fueltype at fullload service speed operation 
MW iP-«.‘. BTU/ date (RPM) 
KWH) 
STUDY AREA C—Continued 
Philadelphia Electric Co.—Continued 
Chester 4ad40-.7. pees IC Bas Ue - S0me Oil eee: 10,450 1967 900 Automatic. 
Southwark. . 3... 383) mice: GT 18.6 ~ 85 see OO Bos eges 12,600 1967 3,600 Do. 
Schuykill 3.30.5 298. 00s 2 IC 2.75 5 OO ee pe ts ERNE A 10,450 1967 900 Do. 
Barbados > si1's.<s: Sa aes IC rad fe 2 BO sie dow a. tes 10,450 1967 900 Do. 
Southwark:c, ..0-..5his kes 4 GT 18. 6 SS oats dosek. a: 12,600 1967 3,600 Do. 
Southwark.) oct hleee ae GT 18. 6 80 caer dows. 33. 12,600 1967 3,600 Do. 
Eddystone so. cosa not GT 18.6 80 0o. doe ea 12,600 1967 3,600 Do. 
Cheater. oc): oe. . states fa GT 55. 8 BO iat Sees GOS... a: 12,600 1969 3,600 Do. 
Delaware sii.2 sane alo cuss GT 74. 4 80 bes rs Ce ee 12,600 1969 3,600 Do. 
Peach Bottom ....220s0 500 Ic 1.0 2.80 oe ees dOz- Bee 11,800 1966 720 Do. 
Southwark, (13 ‘Unassigned | UY93. 01 ests Bac aoe. oes b Seiaao ao sete @ on eigen ete ecto te eee 
GT’s in 1971, about 20 
Mw each). 
Accomack-North Hampton Electric Coop.: 
Parksleg .tso3;.00 sg PE en IC 0. 875 8.) .No:2 oil. 2s 8. N.A. 1949 N.A N.A. 
IC 0. 300 Rey ers Consent. N.A. 1936 N.A Do. 
1c 0. 728 Se eva Osea sae N.A. 1948 N.A Do. 
Ic 0. 250 8 eee dos a,- N.A. 1942 N.A Do. 
Ic 0. 250 es A pe Co Se Pe N.A. 1942 N.A Do. 
Easton Utilities Commission: 
Eastons.igcctscas ct ce 1G 0. 30 8 Oil/NGa eee 10,000 1927 225 Manual. 
Ic 0. 52 PK Gest 3 dO scams 10,000 1929 225 Do. 
Ic 0. 70 8. Sloot dor.. san 10,000 1936 300 Do. 
IC 0. 70 ASE. em do...78ee 10,000 1941 257 Do. 
Ic 123 8 Oi/NG...... 10,000 1946 277 Manual. 
Ic 1. 40 By vers ome OSs cer, 10,000 1950 Zu. Do. 
Ic 2. 50 8 den ie dO3. eee 10,000 1954 201, Do. 
Ic 2. 50 Bo hae OG... 10,000 1956 aia Do. 
Ic 3. 00 +: RRP dosa-5 as. 10,000 1961 514 Do. 
IC 3. 50  Senre Ae doxaceaes 10,000 1966 360 Do. 
Berlin Mun.: 
Berlin jo: 3.3... esis sts Piette IC 0. 200 8.6 Oil ee eee N.A 1937 N.A Do. 
IC 0. 300 Ba eee Dace N.A. .1939 N.A Do. 
IC 0. 556 ee dos. .azis: N.A. 1946 N.A Do. 
IC 0. 556 PAE oat & COs wakes N.A. 1950 N.A Do. 
IC 1. 400 er ae ra Ce A N.A. 1956 N.A Do. 
Ic 1. 136 EY Bh A CO ncsieas « N.A. 1961 N.A Do. 
Centreville Electric Plant: 
Centreville. os.cie ee Ic 0. 30 Beco oe (4 (ae N.A 1931 N.A Do. 
IC 0. 70 BS ia vc aes GGnce.t N.A. 1938 N.A Do. 
IC 1. 00 pen A dOta estes N.A. 1946 N.A Do. 
IC 1.15 Sat ee dos eas 5 N.A. 1950 N.A Do. 
Girard Borough Light Distribution: 
Grane ee oe ee ee ones IC 0. 200 Serr ase GOs swsitat N.A.? 1937, N.A Do. 
IC 0. 200 Siren dOn5. ae N.A. 1937 N.A Do. 
Ic ee ps Ge. CO conan N.A 1956 N.A Do. 
Ic 0. 200 2 Fe dae dOe.5 sai N.A. 1941 N.A Do. 
Ic 0. 200 Ba Oates Ogee anit N.A. 1947 N.A Do. 
Ic 0. 400 Gi eae OO ore tse N.A. 1948 N.A Do. 
IC 0. 675 re a alee rs So N.A. 1952 N.A Do. 
IC i ti bey Bae. na GOs. 5 osijaken N.A. 1962 N.A Do. 
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Gas Turbine and Internal Combustion Peaking Units—Continued 


Nameplate Fuel 
rating consumption In- Shaft Method of 
Type ————————___ Fueltype __ at fullload service speed operation 
MW PF. (BTU/ date (RPM) 
KWH) 


STUDY AREA C—Continued 
Hatfield Borough Electric Light Plant: 


Phathiek tree cic se hele esis Fe Ic ONTOS 8.47 MOU ae pes. INZA. #91931 N.A. Manual. 
IC OOS etd mie, dovi cow. N.A. 1931 N.A. Do. 
IC O3S00 S077 Bee et saree N.A. 1945 N.A. Do. 
IC OsS00 7 87 eo eeees Golem a. « N.A. 1950 N.A. Do. 
Ic OSG 7 Ome reid = Uistaecns GOr 57 cases N.A. 1956 N.A. Do. 
Ic 1 200 "Ava d oes see dour: N.A. 1965 N.A. Do. 
Landsdale Municipal Power Plant: 
eandsdalér te fee ce se GT 11.25 .8 Oil/NG 11,250 1963 3,600 Automatic. 
Lewes Board of Public Works: 
TEWES TC ne See ioe ins sé IC 08382 = 08 ~  Oibon ose N.A. 1929 N.A. Manual. 
IC 02416 = B29 sess, dos eas N.A. 771937 N.A. Do. 
IC 2600 aie, 62 ces OG ee nc N.A. 1941 N.A. Do. 
IC 0,600! 9 Sree dO Sere tan: N.A. 1942 N.A. Do. 
IC 0, O90 mw e28 5. docs a: N.A. 1953 N.A. Do. 
Ic 0.690". Barr doviss aes N.A. 1953 N.A. Do. 
Pemberton Electric Department: 
Pemberton. 7. ee eeccs 66 IC OO 72 aees Ok healt dove. N.A. 1927 N.A. Do. 
Ic O22008 BEG Saar dors. wee N.A. 1951 N.A. Do. 
IC OL 138 Ses 8 eh G0eee to. N.A. 1938 N.A. Do. 
Ic 0.200 Pes Beis. dotcns.. N.A. 1951 N.A. Do. 
Ic Os 200 S48 Sn dose a N.A. | 1951 N.A. Do. 
Quakertown Electric Light Department: 
Quakertown............. Ic 1.10 :8 OU/NG 7% :.. 10,069 1954 600 Semiauto. 
Ic 1.05 'oieerete dorrsnce. 9,362 1957 600 Do. 
Ic Beate) Po Be ga dO as. 8,750 1960 450 Do. 
South River Board of Public Works: 
Whitehead Ave........... IC 01250 ees OF POUT. oe ce 24,278 1922 164 Manual. 
IC OF 475-92 Gs «ee. dost etre. 18,926 1923 164 Do. 
Ic 0800 © 2.8 o 0 ls: fee ee 15,977 1928 164 Do. 
IC T. O50 9478" Fores GOs. noes 12,318 1941 225 Do. 
Ic 12100 9.6 te Goce 3 10,644 1955 625 Do. 
Ic 13 1009". 8 = (St dO.se es 10,624 1956 625 Do. 
Williamotreet:o.0s su. > ae IC 420 240.8 oe. rok CO. Soyo as 10,714 1961 327 Do. 
Seaford Light and Power Dept.: 
Seaford san 2 oe se vice cee IC 1. 36 28) RSs dog ier ats N.A. 1958 N.A. Do. 
Ic 1. 36 PO ate oft s. N.A. — 1954 N.A. Do. 
IC T3639 2 Be dow sn «is N,A.. © 1951 N.A. Do. 
Ic 0/606 28  .om%<. dor. sey. N.A. 1940 N.A. Do. 
Ic 02040 3 OU oad BO hcce ors N.A. 1947 N.A. Do. 
IC 2: O00 95 Stace do; ats N.A. 1962 N.A. Do. 
Weatherly Borough Light and Power Plt.: 
Weatherly, oo. 2060 fess. ce Ic 1.0 3 Bee Oy. His te: N.A. 1951 N.A. Do. 
Ic 1.0 5B Ce do...55.. N.A. 1957 N.A. Do. 
Pennsylvania Power and Light Co.: 
rAllentowilaccee. aeons saree GT 64. 0 SOOMENOe2TOll tris 13,980 1967 3,600 Remote. 
Rarrisbutg ieee ger co «sine GT 64. 0 SOU crete (2 Feige PaaS 13,980 1967 3,600 Do. 
Harwood's. ccc ones 8 nee GT 32.0 Ph leAaae GO sees 3s 13,980 1967 3,600 Do. 
WV itiamsport.:. 5s 2010s Go 32.0 2 OOUSs esi GO. eens 13,980 1967 3,600 Do. 
Georgetown... sce CT 32.0 OSA ee. GOs. eres 13,980 1967 3,600 Do. 
Brunner Isl Ts secs ses cueues IC 8. 25 Stilt ASNT s (ee 9,120 1967 900 Do. 
SUNDUPY ice foie sneha hee Ic 5. 50 SiO rt eles doses: 9,120 1967 900 Do. 
Martins Creek No. 3....... IC 2. 75 “80 ects. dovastkocc 9,120 1967 900 Do. 
Martins Creek No. 4....... IC 2.75 £80 Vik cet WA Og 9,120 1967 900 Do. 
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Gas Turbine and Internal Combustion Peaking Units—Continued 


Type 


Wiest Shore? sch ao ee GT 
Lock:Haven No? 1. 35...... 42 GT 
Bishbacks go wee eet cae GT 
Suburban cay. GT 
Potomac Electric Power Co 
Dickersonss. 4 keen ee GT 
ChalksPomnt. seen ee eee GT 
Buzzard {27 ... Siok... GT 
Unassigned). ifise cc scant Seite as 
Atlantic City Electric Co.: 
Deepwater’ iy.ah ete . 3 GT 
Missouri Avenue.......... GT 
Bing land onc AV. oisey Ic 
Missouri Ave............. Ic 
IMissourlvAVGa cm ere Ic 
Delmarva Power and Light 
Co.: 
Delaware. City 22. 2) ee GT 
IndianyRiverace epee. oe GT 
Viena =8.2 53g ieee GT 
Cirisfield teen ecco Ic 
South Madison St......... GT 
IC 
Chincoteague. .cear..-- aan Ic 
Tasleyice: ans oes oe ee Ic 
IC 
IC 
Cape:Charles?.. 265 .<.. ae Ic 
IC 
EdgesMoor 52. Seeks oe GT 
Wiest 8 hero cence: Seems sisses ie GT 
Kenttec. 2-6 fee ee GT 
Bayview et ena stos scan ane Ic 
IC 
IG 
IC 
IC 
General Public Utilities: 
Shawville...26 234.083 soe IC 
Portlands33..3-80- eho GT 
Vitus fice hon ee ee GT 
Benton ese eee IC 
Benton: ch acene oe IC 
Baltimore Gas and Electric 
Co.: 
Grane fu iin See ae ee GT 
Wagner... oa eee (eat 
Westport sais. «5 age ae oe ae GT 


1 House units. 


Nameplate 


rating 


MW P-F. 


Fuel type 


Fuel 
consumption 
at full load 

(BTU/ 

KWH) 


STUDY AREA C—Continued 
Pennsylvania Power and Light Co.—Continued 


mF 
18. 6 
Sia 2 
SH aie} 
16.15 


16. 15 
268 


Al & 


© @leus 6 


ee eee 


se eee 


ere es 


Pa uO a 


see ee 


Cnc Oi 


eters ye. 76. 


sees 


se eee 


altel isis; 6 


ee eee 


elis)(o6 0, 


se eee 


see ee 


a eee, 0 


e's) 9) 0.0 


? Natural gas burning units limited to 27,000 CFH with 
a special No. 1 diesel oil burned as necessary for extra 


load requirements. 


585 Nog2-Oil &.. ; 
. 85 


0,6 16,6 6FOLe\ ¢. « 


$,16, ee) wae) ee 


Oe) 61101001 .6. 01 © 


© ie. 0, eteie) 6) (6 


3 Under Construction. 


10, 450 
17, 422 

N.A. 
10, 250 
12, 000 
12, 000 
12, 000 
12, 000 
12, 000 
15, 259 
14, 250 
15, 450 
10, 250 
10, 250 
10, 250 


e. 6 16 -@ 0) mwa lelte! ante 


In- 


service 


date 


1969 
1969 
1969 
1968 


1967 
1967 
1968 
1969 


1967 


1969 
1961 
1963 
1958 


1968 
1967 
1968 
1968 
1967 
1964 
1964 
1929 
1937 
1965 
1947 
1948 
1963 
1964 
1964 
1964 
1964 
1964 
1964 
1964 


1966 
1967 
1967 
1960 
1960 


1967 
1967 
1969 


Shaft 


speed 
(RPM) 


Method of 
operation 


Remote. 
Do. 
Do. 
Do. 


Peaking. 
Do. 
Do. 
Do. 


Remote/ 

Local. 

Do. 

Do. 

Do. 
Local. 


Semiauto. 
Do. 
Do. 
Automatic. 
Semiauto. 
Manual. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Semiauto. 
Do. 
Automatic. 
Do. 
Do. 
Do. 
Do. 
Do. 


Semiauto. 
Do. 
Do. 


Peaking. 
Do. 
Do. 


4 Turbine speed. Generator speed is 3600. 
Note.—N.A.—Data not available. 
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Steam-Electric Peaking Units 


Rating Fuel Fuel Emer- ee 
consum enc et ifyi 
K BTU/ tion a & weit iphone 
KW PF. Type LB (BTU/ (MW) 
KWH) 
Units integral with baseload 

Niagara Mohawk Co.: 

Albany Unit 1. °....:. LOO 8-0: 80.5 Coal ivnc.s- 12.8 9, 564 7 Close certain extraction 

Albany Unit 2........ LOC 00 Fen GOs oes 12.8 9, 564 6 heater valves and in- 

Albany Unit3........ 1003 mo G0 2. do. sa. 3. 12.8 9, 564 7 crease steam flow into 

Albany Unit 4........ TOOT ee OU COO wo ais, 12.8 9, 564 9 turbines by raising 
boiler pressures slightly 
above normal. 

Dunkirk Unit 1....... 967 80.00. saa i375 9, 847 7 Do. 

Dunkirk Unit 2....... OG OO eae 00. = wo 6 1320 9, 847 9 

Dunkirk Unit 3....... PART nth eae vawieoas 13.5 9, 382 18 

Dunkirk Unit 4....... Po} ontesit}e) serclate le pesioSloteec 1320 9, 085 18 

Oswego Unit 1........ OZ O00. 00,5... 13.5 117595 5 Do. 

Oswego Unit 2........ G2 Ere OU GOr sre oh 1359 11, 595 5 

Oswego Unit 3........ Qe OU dO,. os 6 13.5 11, 374 6 

Oswego Unit 4........ FOO SUN OO ns cre ose 13.5 O975 7 

Huntley Unit 63...... OFT 008s 3200. c as ves 13.5 11, 861 5 Do. 

Huntley Unit 64...... 1007 "280 %.,d0,5....- 13.4 11, 008 5 

Huntley Unit 65...... 1007 80752 -do:s.:8 13.5 9, 609 7 

Huntley Unit 66...... 100. 50%5..00n.5 0.6: 13.3 9, 958 7 

Huntley Unit 67...... 21 OMe Oo On tte. 1355 9, 366 20 

Fiunticy-Unit 68see5.. 9218" ~.855..do°...... 1350 9, 168 20 

Long Island Lighting Co.: 

Northport Unit 1....... 375 .90 No.6 oil 18. 1 9, 300 120 Remove top feedwater 
Northport Unit 2...... SIS Se On ns «dOnas aeons 18. 1 9, 300 20 heater from service. 
Rating Fuel Fuel Method of reducing 
consump- Installed capital cost 
K BTU/ tion cost 
MW PF Type LB (BTU/ ($/KW) 
KWH) 
Units designed specifically for peaking 

Potomac Electric Power 289 0.90 No.6 oil... 18. 6 10, 394 66 Eliminate regenerative or 
Co.: Benning Unit 15 tubular air heater. 
(in service). Reduction of steam 

temperature. 

New England Electric 450 NIAC C f.dOee ott te 18. 4 10, 500 117 Eliminate rotating type 
System: Salem Harbor air pre-heaters con- 
No. 4 (Scheduled for servative initial steam 
1972-73 installation). conditions for cyclic 

operation, turbine 
designed for cyclic 
: operation. 
Northeast Utilities: Mont- 400 .90 Oil........ F792 10, 700 100 Design for cycling 


ville No. 6 (Scheduled 
for 1971-72 installation). 


operation no air pre- 
heater, only 2-3 feed 
water heaters, extended 
clearance on turbo- 
generator unit. 


1 Approximate capacity. 
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Steam-Electric Plants 50 Megawatts and Over 


Installed 
capacity— 
Dec. 31, 
1967 
(KW name- 
plate 
Name of Plant and Location rating) 
STUDY AREA A 
Bangor Hydro-Electric Co.: 
Graham Station—Veazie, Me............. 57, 450 
Central Maine Power Co.: 
Mason—Wiscasset, Me................. 146, 500 
William F. Wyman—Yarmouth, Me..... 213, 636 
Boston Edison Co.: 
“‘L” Street—South Boston, Mass......... 168, 750 
Edgar—North Weymouth, Mass......... 457, 860 
Mystic—Everett, Masso)...on. «eee 618, 750 
New Boston—South Boston, Mass........ 717, 740 
New England Gas & Electric Association: 
Cannon Street—New Bedford, Mass...... 130, 500 
Kendall Station—Cambridge, Mass...... 67, 450 
Eastern Utilities Associates: 
Montaup—Somerset, Mass............... 329, 000 
Fitchburg Gas and Electric Co.: 
Fitchburg—Fitchburg, Mass.............. 61, 385 


Connecticut Yankee Atomic Power Company: 
East Haddam—East Haddam, Conn....... 2 600, 300 
New England Power System: 


Brayton Point—Somerset, Mass.......... 482, 000 
Salem—Salem,) Massey meee tei 319, 938 
Manchester Street—Providence, R.I...... 132, 000 
South Street—Providence, R.I........... 188, 625 
Lynnway—Lynn, Mass. ivan a> «> seer 56, 500 
Northeast Utilities System: 
Devon—Devon, Conn.................- 479, 000 
Montville—Montville, Conn............. 176, 000 
Norwalk Harbor—Norwalk, Conn........ 326, 400 
Middletown—Middletown, Conn........ 421, 996 
South Meadow—Hartford, Conn......... 216, 750 
Stamford—Stamford, Conn............. 52, 500 
Mt. Tom—Holyoke, Mass............... 136, 000 
West Springfield—West Springfield, Mass. 209, 636 


Yankee Atomic Electric Company: 
Rowe—Rowes}:Massi.r or ac ere reece 2 185, 000 
Public Service Company of N.H.: 


Merrimack—Bow, N.H................. 113, 636 
Schiller—Portsmouth, N.H.............. 193, 750 
The United Illuminating Co.: 
English Station—New Haven, Conn...... 146, 250 
Steel Point Station—Bridgeport, Conn.... 155, 500 
Bridgeport Harbor Station, Bridgeport, 
Connie tere i cee ae 261, 042 
STUDY AREA B 
City of Jamestown: 
Samuel A. Carlson—Jamestown, N.Y....... 57, 500 
New York State Electric & Gas Corp.: 
Goudey—Binghamton, N.Y............. 145, 750 
Greenidge—Dresden, N.Y.......:+.-.... 160, 000 


Steam-Electric Plants 50 Megawatts and Over— 
Continued 


Installed 
capacity— 
Dec. 31, 
1967 
(KW name- 
plate 


Name of Plant and Location rating) 


STUDY AREA B—Continued 


New York State Electric and Gas Corp.—Continued 


Hickling —E., Corning.«N.Y4...-. 9) ee 70, 000 
Jennison—Bainbridge, N.Y.............. 60, 000 
Milliken—Ludlowville, N.Y............. 270, 000 
Niagara Mohawk Power Corp.: 
Albany—Albany, N.Yer. a. ace ae 400, 000 
Dunkitk— Dunkirk, Nov... .5 3.) eee 628, 000 
Huntley-—Buffalo, N.Y 2... 27 seh eee 828, 000 
Oswego—Oswego, NsY . 3.00.2 sen eee 376, 000 
Rochester Gas & Electric Corp.: 
Station No. 3 (Beebe)—Rochester, N.Y... 206, 200 
Station No. 7 (Russell )—Greece, N.Y..... 252, 600 
Central Hudson Gas & Electric Corp.: 
Danskammer—Roseton, N.Y.............. 531, 910 
Consolidated Edison Company of New York: 
Waterside—New, Yorks.N.Y 22 angen eee 712, 250 
East River—New York, N.Y............. 833, 652 
Hell Gate-—Bronx; N.Y 2: eee ee eee 611, 250 
Sherman Creek—New York, N.Y........ 216, 500 


Astorias-@ l1leens) Na \iaeioen eae 1, 550, 600 
Hudson Avenue—Brooklyn, N.Y......... 845, 000 
Arthur Kill—Staten Island, N.Y......... 376, 200 
Ravenswood—Queens, N.Y............. 1, 827, 700 


Kent Avenne—Brooklyn, N.Y 4200s 107, 500 
59th Street—New York, N.Y............ 149, 500 
74th Street—New York, N.Y............ 269, 000 
Indian Point—Buchanan, N.Y........... 275, 000 
Long Island Lighting Co.: 
Port Jefferson—Port Jefferson, N.Y....... 467, 000 
Glenwood—Glenwood Landing, N.Y..... 3975272 
Edward F. Barrett—Island Park, N.Y.... 375, 000 
Far Rockaway—Far Rockaway, N.Y..... 133, 636 
Northport—Northport, N.Y............. 387, 090 
Orange & Rockland Utilities: 
Lovett—Tomkins Cove, N.Y....).......+ 294, 520 
STUDY AREA C 
Atlantic City Electric Co.: 
Missouri Ave.—Atlantic City, N.J........ 50, 000 
Deepwater— Deepwater, Ni fo eee 308, 300 
B. L. England—Bossley’s Point, N.J...... 299, 200 


Delmarva Power & Light Co.: 
Edge Moor—Edge Moor, Del........... 389, 800 


Delaware City—Delaware City, Del...... 130, 000 

Indian River—Millsboro, Del........... 163, 200 

iVienna—-Viennal Vid =e eee 94, 680 
Baltimore Gas & Electric Co.: 

Westport—Baltimore, Md............... 311, 500 

Gould Street—Baltimore, Md........... 173, 400 

Riverside—Near Baltimore, Md.......... 333, 500 
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Steam-Electric Plants 50 Megawatts and Over— 


Continued 
Installed 

sie 
1967 

(KW name- 
plate 

Name of Plant and Location rating) 
STUDY AREA C—Continued 
Baltimore Gas and Electric Co. Continued 

Herbert A. Wagner—Anne Arundel Co., 

PGR ISR ee ON ce eee hs eee wees: 627, 80t 
Charles P. Crane—Baltimore, Md........ 399, 840 
Sparrows Point (Bethlehem Steel Co.)— 

Baltumnore,. MAd coe toe es ose tal ie nae 158, 500 

General Public Utilities Corp. : 

Jersey Central Power & Light Co.: 
Sayreville—Sayreville, N.J.......... 346, 750 
Werner—South Amboy, N.J........ 116, 250 

Metropolitan Edison Co.: 

Portland—Portland, Pa............. 426, 700 
Cats eaGing PA cae sehr ae at 225, 000 
Crawford—Middletown, Pa......... 116, 750 
Eyler—Keading, Pare fes. <2 0. oe er 84, 000 

New Jersey Power & Light Co.: 

Gilbert—-Holland Nz Jinier kien « «jae ia 126, 100 
Pennsylvania Electric Co.: 

Shawville—Shawville, Pa........... 640, 000 

Seward——Seward sba wane ticle ier 268, 250 

Warren WV arren; Pasa. ce ness ols 73, 442 

Front—Erie (Parser. cht. te eee 118, 750 

Keystone—Indiana, Pa............. 1 936, 000 
Pennsylvania Power & Light Co.: 

Brunner Island—York Haven, Pa........ 768, 330 

Sunbury—Shamokin Dam, Pa........... 409, 780 

Martins Creek—Martins Creek, Pa....... 312, 500 

ptanton——Larding. Paver mee a 146, 000 

Hanto—Hauto e barn nieek inp tial y 106, 000 

Holtwood—Holtwood, Pa............... 105, 000 

Philadelphia Electric Co.: 

Barbadoes—Norristown, Pa............. 180, 000 

Chester—Chester, Pa...............2055 256, 000 

@romby—Cromby; Paws -5 eae cee. 2 417, 500 


Steam-Electric Plants 50 Megawatts and Over— 


Continued 
Installed 
capacity— 
Dec. 31, 
1967 
(KW name- 
plate 
Name of Plant and Location rating) 
STUDY AREA C—Continued 
Philadelphia Electric Co.—Continued 
Delaware—Philadelphia, Pa............. 499, 250 
Eddystone—Eddystone, Pa.............. 707, 200 
Richmond—Philadelphia, Pa............ 474, 750 
Schuykill—Philadelphia, Pa............. 325, 400 
Southwark—Philadelphia, Pa............ 345, 000 
Peach Bottom—Peach Bottom, Pa........ 2 46, 000 
Vineland, City of: 
VinelanGiuntscn tee ee. See ee Ac 52, 500 
Public Service Electric & Gas Co.: 
Bergen—Ridgefield, NiJotei.....0...0.. 650, 432 
Burlington—Burlington, N.J............. 490, 500 
Masexe— Newark “IN: Ras toveiae< mdi cars ride 320, 500 
Erndseon-— jersey City. fo. oe esa ee 454, 780 
Kearny sA—K.carmy.N:) ati. oo 304, 500 
Kearny, b—-Kearny, Nj nae oan oe 284, 550 
inden. Winden,wNajaseee ie aot ee 519, 444 
Marion— Jersey City,.N.J;.- .. -eygeee ds sic 125, 000 
Mercer—Hamilton Twp., N.J........... 652, 800 
mewaren——sewarens Ne jj eee aoe 811, 210 
United Gas Improvement Co.: 
Hunlock—Hunlock Creek, Pa. .......... 93, 000 
Potomac Electric Power Co.: 
Benning—Washington, D.C............. 263, 750 
Buzzard Point—Washington, D.C........ 270, 000 
Potomac River—Alexandria, Va......... 514, 750 
Dickerson—Dickerson, Md.............. 586, 500 
Chalk Point—Brandywine Md.......... 727, 600 


1 Operated by Pennsylvania Electric for Jersey Central 
Power and Light Company, Atlantic City Electric Com- 
pany, Delamarva Power and Light Company, Philadelphia 
Electric Company, Pennsylvania Power and Light Com- 
pany, Public Service Electric and Gas Company, and Bal- 
timore Gas and Electric Company. 

2 Nuclear Plant. 
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APPENDIX B 
NORTHEAST POWER COORDINATING COUNCIL (NPCC) 


Basic Criteria for Design and Operation of Interconnected Power Systems 


(As adopted by the members of Northeast Power Coordinating Council, September 20, 1967) 


1. Introduction 


The purpose of the Northeast Power Coordinat- 
ing Council is to improve the reliability and effi- 
ciency of the interconnected power systems of its 
members through improved coordination in system 
design and operating procedures. 

One of the steps in reaching this objective is the 
development of criteria that will be used in the 
design and operation of the major interconnected 
transmission systems. 

It is recognized that more rigid criteria will be 
applied in some segments of the Council area be- 
cause of local considerations. It is also recognized 
that the basic criteria are not necessarily applicable 
to those elements of the individual members’ systems 
that are not a part of the interconnected transmis- 
sion network. 

The criteria are applicable either to the areas 
(New York, Ontario, or New England), or to the 
entire Council interconnection in its relations with 
neighboring “pools.” 

An interconnected power system should be de- 
signed and operated at a level of reliability such that 
the loss of a major portion of the system would not 
result from reasonably foreseeable contingencies. In 
determining this reliability, it would be desirable 
to give consideration to all combinations of contin- 
gencies occurring more frequently than once in some 
stipulated number of years. However, sufficient data 
and techniques are not available at the present time 
to define all the contingencies that could occur or 
to assess and rank their probability of occurrence. 
Therefore, it is proposed that the interconnected 
systems be designed and operated to meet certain 
specific contingencies. Loss of small portions of the 
system (such as radial portions) may be tolerated, 
provided that these do not jeopardize the integrity 
of the overall interconnected system. Definition of 


several terms used in the following paragraphs is 
appended. 

The following criteria for design and operation 
of interconnected power systems define area gener- 
ation and transmission requirements. In addition, 
criteria for determining inter-area transmission ca- 
pabilities are defined. 

Two categories of inter-area power transfer are 
to be considered where applicable: 

a. Normal (contractual plus economy) 
b. Emergency (contractual plus emergency) 

Design studies will assume applicable contractual 
transfers and the most severe expected load and gen- 
eration conditions. Operating limit studies will be 
based on the particular load and generation pattern 
expected to exist for the period under study. All 
reclosing facilities will be assumed in service unless 
it is known that such facilities have been rendered 
inoperative. 


2. Generating Capacity 


Generating capacity will be installed and located 
in such a manner that after due allowance for 
required maintenance and expected forced outages, 
each area’s generating supply will equal or exceed 
area load at least 99.9615 percent of the time. This 
is equivalent to a “loss-of-load probability of one 
day in ten years”. 


3. Area Transmission Requirements 


The system should be designed with sufficient 
transmission capacity within each area to serve area 
loads under the following conditions. 

3.1 Stability Conditions 

Stability of the interconnected systems 
shall be maintained during and after the 
most severe of the conditions stated in 
below a, b, c and d. Also, the system must be 
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adequate for testing of the faulted element 
by manual reclosing after the outage and 
before adjusting the generation. These re- 
quirements will also apply after one gener- 
ator unit, circuit or transformer has already 
been lost, assuming that the system gener- 
ation and power flows are adjusted between 
outages by use of operating reserve. 

a. A permanent three phase fault on any 
element with due regard to reclosing 
facilities. 

b. A permanent phase to ground fault on 
the same phase of both circuits on a 
double circuit tower with due regard to 
reclosing facilities. 

c. A permanent phase to ground fault on 
any element with delayed clearing and 
with due regard to reclosing facilities. 
This delayed clearing could be due to 
breaker, relay system or signal channel 
malfunction. 

d. Loss of any element, including a gener- 
ator. 

3.2 Steady State Conditions 

a. Voltages, line and equipment loading 
shall be within normal limits for pre- 
disturbance conditions. 

b. Voltages, line and equipment loading 
shall be within applicable emergency 
limits for the system load and generation 
conditions that exist following the dis- 
turbance specified in 3.1. 


For operating purposes, with transmission facili- 
ties out of service, transmission line loadings will be 
adjusted so that the criteria are met unless an emer- 
gency condition exists. 


4. Inter-Area Transfer Capability 


Transfers of power from one area to another 
should be considered in the design of inter-area 
transmission and internal area facilities. 

Operating limits are required for normal trans- 
fers and transfers during emergencies. These limits 
will be based on the facilities in service at the time 
of the transfer. In determining the emergency trans- 
fer limits, it is assumed that a less conservative mar- 
gin is justified. 

Transfer limits shal] be determined under the 
following conditions: 

4.1 Normal Transfers 

4.1.1 Stability Conditions 
Stability of the interconnected 
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systems shall be maintained during 
and after the most severe of the con- 
ditions stated in a, b, c and d. Also, 
the system must be adequate for test- 
ing of the faulted element by manual 
reclosing after the outage and before 
adjusting the generation. 

a. A permanent three phase fault on 
any element with due regard to 
reclosing facilities. 

b. A permanent phase to ground 
fault on the same phase of both 
circuits on a double circuit tower 
with due regard to reclosing 
facilities. 

c. A permanent phase to ground 
fault on any element with delayed 
clearing and with due regard to 
reclosing facilities. This delayed 
clearing could be due to breaker, 
relay system or signal channel 
malfunction. 

d. Loss of any element, including a 
generator. 

4.1.2 Steady State Conditions 

a. For the facilities in service during 
the transfer, voltages, line and 
equipment loadings shall be with- 
in normal limits. 

b. Voltages, line and equipment 
loadings shal] be within appli- 
cable emergency limits for the 
system load and generation con- 
ditions that exist following the 
disturbance specified in 4.1.1. 


4.2 Emergency Tranfers 


4.2.1 Stability Conditions 
Stability of the interconnected 
systems shall be maintained follow- 
ing the loss of any generating unit or 
during and after a permanent two 
phase to ground fault on any element 
with due regard to reclosing facili- 
ties. If such reclosing facilities are in- 
operative, system conditions may be 
adjusted before the faulted element 
is tested. 
4.2.2 Steady State Conditions 
a. For the facilities in service during 
the transfer, voltages, line and 
equipment loadings shall be with- 
in applicable emergency limits. 


b. Voltages, line and equipment 
loadings shall be within appli- 
cable emergency limits following 
the disturbance in 4.2.1. 


5. Possible But Improbable Contingencies 


Studies will be conducted to determine the effect 
of the following contingencies on system perform- 
ance and plans will be developed to minimize the 
spread of any interruption that might result, 


a. Loss of the entire capability of a generating 
station. 


b. Loss of all lines emanating from a gener- 
ating station, switching station or substation. 

c. Loss of all circuits on a common right-of 
way. 

d. A permanent three phase fault with delayed 
clearing and with due regard to reclosing 
facilities. This delayed clearing could be 
due to breaker, relay system or signal chan- 
nel malfunction. 

e. The sudden dropping of a large load or 
major load center. 

f. The effect of severe power swings arising 
from disturbances outside the Council’s in- 
terconnected systems. 


List of Definitions 


1. Area 


An area is defined as either New England, New 
York or Ontario. 


2. Emergency 


An emergency is assumed to exist in an area if 
in that area firm load must be dropped because 
additional power is unavailable. 


3. Applicable Emergency Limits 


These limits depend on the duration of the oc- 
currence, and on the policy of the various member 
systems of NPCC regarding loss of life to equip- 
ment, voltage limitations, etc. 

Short time emergency limits are those which can 
be utilized for at least five minutes. 

The limiting condition for voltages should rec- 
ognize that voltages at key locations should not drop 


below that required for suitable system stability per- 
formance, and should not adversely affect the opera- 
tion of the interconnected systems. 

The limiting condition for equipment loadings 
should be such that cascading will not occur due to 
operation of protective devices or the failure of 
facilities. 


4. Operating Reserve 


Operating reserve is that amount of additional 
generation which any particular area has available 
within a specified number of minutes. 


5. “With Due Regard To Reclosing Facilities” 


This is intended to mean that recognition will be 
given to the type of reclosing, i.e., manual or auto- 
matic, and the kind of protective schemes insofar 
as time is concerned. 


Northeast Power Coordinating Council Procedure in a Major 
Emergency 


Recommended by the Operating Procedure Co- 
ordinating Committee on 8-25-66, adopted by un- 
animous consent of the membership as the official 
position of the NPCC and as revised to reflect the 
Disposition of the Recommendations Contained in 
the Stone & Webster Northeast Interconnection 
Study unanimously approved by the Council mem- 
bership 5-24-67. 


Introduction 


This procedure outlines a plan of operations to 
be followed in the event of a major emergency such 


as unusually low frequency, equipment overload, or 
low voltage, which might seriously affect the opera- 
tion of consumers’ or electrical utilities’ equipment. 
The objectives of the plan are: 


1. To minimize the effect on customer service. 
2. To restore the balance between load and 
generation in the shortest practical time. 

3. To minimize the risk of damage to trans- 
mission and generating facilities, to distribu- 
tion equipment and to customers’ utilization 
equipment. 
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The plan of operation is intended to indicate the 
results that should be attained but does not indicate 
the method to be used to obtain these results. The 
basic system designs and the methods of control vary 
widely among the systems. These are influenced by 
the character of the load supplied, the geography 
of the area, the extent of underground construction 
and many other factors. The methods to be used in 
implementing this procedure in detail in each area 
will not necessarily be uniform but must be 
coordinated. 


Definitions 


Load reduction accomplished by 
reducing voltage or by load 
shedding or both. 


Load Relief__ 


Automatic Load reduction accomplished with- 
Load out manual intervention by re- 
Relief. ducing voltage or by load 

shedding or both. 

Load Interruption of customer load. 
Shedding. 

Dispatchers. The terms dispatcher and system 

operator have the same meaning. 

Areas! —oo- As the situation requires, may mean 

a part of a system, or more than 
a single system. 
Principles 


The plan of operation derives from the following 
basic principles: 

1. Tie lines, including internal transmission 
circuits, should not be opened deliberately 
except to prevent sustained interruption to 
customers’ service or to prevent damage 
either to such tie lines or to equipment due 
to overloads, extreme voltages, or extreme 
frequencies. 

2. A sustained frequency excursion of +.2 
cycles is an indication of major load-genera- 
tion unbalance. It is important for the 
trouble area to provide load-generation bal- 
ance at once to restore frequency so that 
any separated areas may be reparalleled as 
soon as possible to protect against further 
troubles or internal separations. 

3. Any general rule for load relief based on 
frequency alone risks undesirable overload- 
ing or tripping of tie lines or internal trans- 
mission circuits. If frequency is dropping 
rapidly, these risks are preferred to the risk 
of widespread shutdowns. 


4. At some low frequency, the ability of gen- 
erators to maintain output is endangered. 
Although some machines will operate safely 
below 58.5 cycles, for the sake of uniformity 
the value of 58.5 cycles has been selected 
for the last step in the following proce- 
dure. It is recognized, however, that some 
machines may be in danger above 58.5 
cycles. If a machine is tripped above 58.5 
cycles, equivalent load relief must be 
provided. 


Requirements 


In order to follow the recommended plan of 
operation effectively, each system should meet the 
following requirements: 

1. Accurate and reliable metering of tie line 
loadings and system frequency should be 
available at each dispatch center. 

2. Reliable and immediately available com- 
munication channels should exist between 
the dispatchers of adjacent power systems. 

3. Each dispatcher should know the permissi- 
ble emergency loading of each of his tie lines 
and transmission circuits which can be 
utilized for at least 5 minutes. The settings 
of the relays on the tie lines must exceed 
this value. 

4. Each system must provide a means to relieve 
a minimum of 25% of its system load auto- 
matically to protect against low frequency 
conditions and a minimum of 50% of its 
system load manually to protect against low 
voltage and overload conditions. The auto- 
matic portion, if also controlled by manual 
means, may be included as part of the 50% 
manual relief. 

5. All automatic load frequency controls will 
be removed from service before the fre- 
quency has declined to 59.5 cycles. 


Load Relief Procedure 


A. Low Frequency Condition 
1. Operator Action 
When the generation-deficient area is 
clearly identifiable, when the frequency 
decline is slow enough to permit com- 
munication among various system opera- 
tors, and when adequate consideration 
can be given to the amount of assistance 
which can be delivered to the deficient 
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area by all power systems, the following 

procedures will apply. 

The deficient system will initiate immedi- 

ate action to correct load-generation 

unbalance. 

a. 59.5 to 59.0 cps—All systems should 
have achieved a 10% load relief if the 
loadings on tie lines permit. 

b. 59.0 to 58.5 cps—All systems should 
have achieved an additional 15% load 
relief if the loadings on tie lines 
permit. 

c. 58.5 cps—If frequency is still declining, 
all systems shall take such steps as are 
necessary, including separating units to 
preserve generation, minimize damage 
and service interruptions. 

When the generation-deficient area is not 
clearly identifiable and when the fre- 
quency decline is so rapid as to preclude 
analysis and communication among vari- 
ous system operators, the above procedure 
will apply without regard to tie line 
loadings. 

. Automatic Action 
In addition to above “Operator Action”, 

automatic facilities will be provided to 

achieve the results of 1 a. and 1 b. above. 


B. Tie Line Overload Condition 
1. Establish communication with system 


operator of system producing overload. 


2. Attempt to have overload reduced from 
source; if, after a reasonable time based 
on overload, improvement is not made, 
open those ties necessary to prevent dam- 
age to equipment. 

C. Low Voltage Condition 

1. Establish communication with part of 
system causing the low voltage. 

2. Attempt to have voltage level raised at 
source. 

3. Assist in raising voltage if possible. 

4. If, after a reasonable time based on volt- 
age level, improvement is not made, 
separate the affected portion of the sys- 
tem to prevent damage to equipment. 


Restoration Procedure 


In the event that an area becomes isolated and 
after the frequency decline has been arrested: 
1. Restore frequency to 60 cycles. 
2. Establish con:munication with system oper- 
ators of adjacent systems. 
3. Synchronize with adjacent systems. 
4. Coordinate restoration of any load pre- 
viously shed. 

It is permissible to restore load concurrent with 
the performance of steps (2) and (3) provided 
frequency is maintained at 60 cycles, other system 
conditions permit and synchronization with adja- 
cent systems is not delayed as a result of such action. 
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APPENDIX C 
MIDDLE ATLANTIC AREA COORDINATION GROUP (MAAC) 


Area Coordination Committee Procedures 


(Approved by the Executive Board on July 18, 1968) 


The responsibilities of the Area Coordination 
Committee as set forth in Article 3, Section 3.4(b) 
of the MAAC Agreement are to be carried out in 
accordance with the procedures outlined herein. 

In discharging its duties the Area Coordination 
Committee shall issue an annual report to the 
Executive Board summarizing the proposed plans of 
the signatories and evaluating their adherence to 
the approved reliability standards. The plans shall 
be the firm intentions of the signatories for the num- 
ber of years required to install the various types of 
facilities and preliminary beyond those times 
through ten years. Also the Area Coordination Com- 
mitte will review quarterly any changes from pre- 
vious plans to assure continued reliability of the 
MAAC system with the facilities planned. 

These procedures shall be put into effect im- 
mediately after approval by the Executive Board. 
The MAAC system shall meet the approved stand- 
ards by June 1, 1972. 


A. Specific Plans 


These shall include facilities for the number of 
years necessary to meet the then current estimated 
lead time requirements. 

1. Each signatory shall plans its own genera- 
tion and bulk power transmission system 
within the framework of policies established 
by the Executive Board. 

2. Each signatory shall report to the Chairman 
of the Executive Board its plans for addi- 
tion, modification or removal of generating 
and bulk transmission facilities. Such reports 
shall be submitted before the commitments 
for any such additions, modifications or re- 
movals of facilities are undertaken. 

3. The Chairman of the Executive Board shall 
furnish all members of the Executive Board 
copies of these reports and request that the 


Area Coordination Committee review the 

same. 

4. The Area Coordination Committee shall 
then: 

(a) In conjunction with each signatory, re- 
view the plans submitted and request 
any additional studies or data which it 
considers to be necessary. 

(b) Evaluate the plan and resulting system 
conditions to establish conformity with 
MAAC reliability principles and 
standards and coordinated area long- 
range plans. 

(c) Should additional studies be required 
in order to establish conformity with 
the above, the plans shall be submitted 
to other signatories or coordinated 
planning group(s) of the signatories. 

(d) The Area Coordination Committee’s 
evaluation of plans, together with any 
minority reports, shall be transmitted 
to the Executive Board within three 
months after receipt of the plans. 


B. Installed Generating Capacity Requirements 


1. Signatories shall submit plans for generat- 
ing capacity additions and load forecasts for 
ten years to the Area Coordination Com- 
mittee every year for determination of prob- 
ability of loss of load of the MAAC system. 
2. The Area Coordination Committee shall: 
(a) In conjunction with each signatory, 
review the plans submitted and request 
any additional studies or data which it 
considers to be necessary. 

(b) Evaluate the plan to establish con- 
formity with MAAC reliability princi- 
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ples and standards, and compatibility 
with plans of other signatories. 

(c) The MAAC system load and capacity 
forecast shall be submitted to the Exec- 
utive Board by May 1 of each year. 


C. Megavar Capacity Requirements 


1. Signatories (or coordinated planning groups 
of signatories) shall submit five-year plans 
for Mvar load and capacity forecasts by 
areas to the Area Coordination Committee 
every year. 

2. The Area Coordination Committee shall: 
(a) Submit the plans to coordinated groups 

of the signatories for evaluation and 
recommendation on an area basis. 

(b) Evaluate the recommendations from 
(a) above for conformity with MAAC 
reliability principles and standards, and 
compatibility with plans of other 
signatories. 

(c) The MAAC system Mvar load and ca- 
pacity forecast shall be submitted to the 
Executive Board by May 1 of each year. 


D. Long-Range Plans 


1. Signatories (or coordinated planning groups 
of signatories) shall submit tentative long- 
range plans (at least 10 years) to the Area 
Coordination Committee by October 1 of 
each year. 
2. The Area Coordination Committee shall: 
(a) In conjunction with each signatory, re- 
view the plans submitted and request 
any additional studies or data which it 
considers to be necessary. 

(b) Evaluate the plans to explore compati- 
bility with those of other signatories. 

(c) The MAAC system coordinated long- 
range plan shall be transmitted to the 
Executive Board within six months 
after receipt of the individual plans. 


E. General 


The Area Coordination Committee shall report 
to the Executive Board all apparent system inade- 
quacies that may come to its attention with recom- 
mendations for corrective action. 


MID-ATLANTIC AREA COORDINATION GROUP (MAAC) 
RELIABILITY PRINCIPLES AND STANDARDS FOR PLANNING 
BULK ELECTRIC SUPPLY SYSTEM OF MAAC GROUP 


(As adopted on July 18, 1968, by the Executive Board constituted under MAAC 
Agreement, dated December 26, 1967.) 


Principles 


The bulk electric supply system shall be planned 
and constructed in such manner that it can be 
operated so the more probable contingencies can be 
sustained with no loss of load. Less-probable con- 
tingencies will be examined to determine their effect 
on system performance. These standards apply only 
to those facilities which affect reliability of the 
MAAC system and not to facilities affecting the 
reliability of supply only to local system loads. Au- 
tomatic load relief shall be provided to minimize 
the probability of the total shutdown of an area 
which becomes isolated by multiple contingencies, 
thereby facilitating rapid restoration of the inter- 
connected systems. 


Reliability Standards 


I. Installed Generating Capacity Requirements 
Sufficient megawatt generating capacity shall be 


installed to insure that in each year for the MAAC 
system the probability of occurrence of load exceed- 
ing the available generating capacity shall not be 
greater, on the average, than one day in ten years. 
Among the factors to be considered in the calcula- 
tion of the probability are the characteristics of the 
loads, the probability of error in load forecast, the 
scheduled maintenance requirements for generating 
units, the forced outage rates of generating 
units, limited energy capacity, the effects of connec- 
tions to other pools, and network transfer capabili- 
ties within the MAAC systems. 
II. Transmission Requirements 
The bulk transmission system shall be developed 
so that it can be operated at all load levels to meet 
the following unscheduled contingencies without in- 
stability, cascading or interruption of load: 
A. The loss of any single generating unit, trans- 
mission line, transformer, or bus in addi- 
tion to normal scheduled outages of bulk 
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electric supply system facilities without ex- 
ceeding the applicable emergency rating of 
any facility. After the outage, the system 
must be capable of readjustment so that all 
equipment (on the MAAC and neighboring 
systems) will be loaded within normal 
ratings. 

B. After occurrence of the outage and the re- 
adjustment of the system specified in A, 
the subsequent outage of any remaining 
generator or line without exceeding the 
short time emergency rating of any facility. 
After this outage, the system must be capa- 
ble of readjustment so that all remaining 
equipment will be loaded within applicable 
emergency ratings for the probable dura- 
tion of the outage. 

C. The loss of any double circuit line or the 
combination of facilities resulting from a 
line fault and a stuck breaker in addition to 
normal scheduled generator outages with- 
out exceeding the short time emergency rat- 
ing of any facility. After the outage, the 
system must be capable of readjustment so 
that all equipment will be loaded within 
applicable emergency ratings for the prob- 
able duration of the outage. 

In determining the bulk transmission require- 
ments, recognition shall be given to the occurrence 
of similar contingencies in neighboring systems and 
their effect on the MAAC system. 


III. General Requirements 


Sufficient megavar capacity with adequate con- 
trols shall be installed in each system to supply the 
reactive load and loss requirements in order to main- 
tain acceptable emergency transmission voltage 
profiles during all the above contingencies. 

Installation of generation and transmission facil- 
ities shall be coordinated to insure that in each year 
for each member system the probability of occur- 
rence of load exceeding the available capacity re- 
sources shall not be greater, on the average, than 
one day in ten years, Available capacity resources 
consist of the generating capability available internal 
to the member system and the capacity that can 
be transmitted into the member system. (See Sec- 
tion VII.) — 


IV. Stability Requirements 


The stability of the system shall be maintained 
without loss of load during and after the follow- 


ing types of faults occurring at the most critical 
location at all load levels. 
A. A three-phase fault with normal clearing 
time. 
B. Single phase-to-ground fault with a stuck 
breaker or other cause for delayed clearing. 


V. Tests for Ability of MAAC System to Withstand 
Abnormal Disturbances 


The MAAC group recognizes that it is impossible 
to anticipate or test for all the contingencies that can 
occur on the present and future MAAC system. 
These tests, therefore, serve primarily as a means 
to measure the ability of the system to withstand 
less probable contingencies, some of which may not 
be readily apparent. These tests are prescribed not 
on the basis of a high level of probability, but rather 
as a practical means to study the system for its ability 
to withstand disturbances beyond those which can 
reasonably be expected. The MAAC system, there- 
fore, will be tested to determine the effect of vari- 
ous types of contingencies on system performance. 
Examples of less probable contingencies to be 
studied are: 

A. Sudden loss of the entire generating capa- 
bility for any station for any reason. 

B. The outage of the most critical transmission 
line on any one of the interconnected sys- 
tems as the result of a three-phase fault 
immediately following (i.e., before read- 
justment) the tripping of another critical 
line on the same or on an adjacent system. 

C. The sudden loss of all lines of one voltage 
emanating from a substation. 

D. The sudden loss of all lines on a single right 
of way. 

E. The sudden dropping of a large load or a 
major load center. 

F. The occurrence of a multi-phase fault with 
delayed clearing. 


VI. Relaying and Protective Devices 


Independent devices shall be installed to the 
extent necessary to provide backup for the primary 
protective devices and components so as to limit 
equipment damage, to limit the shock to the sys- 
tem and to speed restoration of service. 

Relaying installed shall not restrict the normal or 
the necessary realizable network transfer capabilities 
of the system. 

Underfrequency relays shall be installed to pro- 
vide additional insurance against widespread sys- 
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tem disturbances. They shall not be used to satisfy 
the contingencies listed under Sections I and II. 


VII. Network Transfer Capability 


The amounts of power planned to be inter- 
changed between areas within MAAC and between 
MAAC and neighboring pools shall be such that 
applicable ratings and stability, voltage and relay 
limitations are not exceeded, 

A. Extended Period Transfer 

The maximum amount of capacity planned 

to be delivered from one area to another 

for economy interchange in normal day-to- 

day operations shall be limited as follows: 

1. With all transmission facilities in serv- 
ice and normal generator maintenance 
scheduling, all system components shall 
be within normal loading limits. 

2. With the outage of any single facility, the 
provisions of Section II A shall apply. 
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B. Capacity Emergency Transfer 
The maximum amount of capacity planned 
to be transferred from one area to another 
for capacity shortages shall be limited as 
follows: 


1. 


With all transmission facilities in serv- 
ice and normal generator maintenance 
schedules, the loadings of all system com- 
ponents shall be within applicable emer- 
gency ratings and stability limits and no 
excessive voltage drops shall occur. 


. The interconnected systems shall then be 


able to absorb the initial power swing 
resulting from the sudden loss of any 
one transmission line or generating unit. 


. After the initial swing period, the load- 


ings of all system components shall be 
within short time emergency ratings and 
acceptable voltage limits. 


APPENDIX D 


STRUCTURE OF THE INDUSTRY 


Coordinating Organizations 


Northeast Power Coordinating Council 


Boston Edison Company 

Burlington Electric Light Department 
Central Hudson Gas & Electric Corporation 
Central Maine Power Company 

Central Vermont Public Service Corporation 
Consolidated Edison Company of New York 
Eastern Utilities Associates 

Green Mountain Power Corporation 


Hydro-Electric Power Commission of Ontario 


Long Island Lighting Company 

New England Electric System 

New England Gas and Electric Association 
New York State Electric & Gas Corporation 
Niagara Mohawk Power Corporation 
Northeast Utilities 

Orange and Rockland Utilities 

Power Authority of the State of New York 


New England Power Pool 


Boston Edison Company 

Central Maine Power Company 

Central Vermont Public Service Company 
Eastern Utilities Associates 

New England Electric System 

New England Gas and Electric Association 
Northeast Utilities 

Public Service Company of New Hampshire 
United Illuminating Company 


New York Power Pool 


Central Hudson Gas & Electric Corporation 
Consolidated Edison Company 

Long Island Lighting Company 

New York State Electric & Gas Corporation 
Niagara Mohawk Power Corporation 
Orange and Rockland Utilities 


Public Service Company of New Hampshire 
Rochester Gas and Electric Corporation 
United Illuminating Company 


Mid-Atlantic Area Coordination Agreement 


Atlantic City Electric Company 
Baltimore Gas and Electric Company 
Delmarva Power & Light Company 
Jersey Central Power & Light Company 
Metropolitan Edison Company 

New Jersey Power & Light Company 
Pennsylvania Electric Company 
Pennsylvania Power & Light Company 
Philadelphia Electric Company 
Potomac Electric Power Company 
Public Service Electric and Gas Company 
UGI Corporation 


Pools 


Power Authority of the State of New York 
Rochester Gas and Electric Corporation 


Pennsylvania-New Jersey-Maryland 
Interconnections 


Public Service Electric and Gas Company 
Philadelphia Electric Company Group 
Philadelphia Electric Company 
Atlantic City Electric Company 
Delmarva Power & Light Company 
Pennsylvania Power & Light Company 
Pennsylvania Power & Light Company 
UGI Corporation 
Baltimore Gas and Electric Company 
General Public Utilities System 
Jersey Central Power & Light Company 
Metropolitan Edison Company 
New Jersey Power & Light Company 
Pennsylvania Electric Company 
Potomac Electric Power Company 
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Structure of Industry 


Structure of the Northeast Power Supply 


Installed generating 
capacity (Kw) 


ee ar bi ax Naa aa Private Govt. or 
Coop. 
Study Area A—Year end 1967 

Northeast, tilitiess ccs csc ssc es elec veo Seeks oe rae ee aise Mass. & Conn..... A era 2,005, 076. 0s as erent 
New England Electric System...........+seeeeeeeees ~.-- Mass., Vt., N.H., R.I.......... 1,. 725, S63 "oso ct toes 
Boston’ Edisom=iq csc cere cee terete wie ces ie ceterers sieleia iste site Massachusetts aaant sens cicero 1; 9815:744 3 Senter Ass 
Central. MaimeiPowersistececteaetitn ccisiclicinticcisie ets «.« Maine ic stac tise. cefe nketeibinnisie esters 655, 260i, weeree Seas 
United Tluminating ¢ 015 5 < oe 2c aise feiss cocle one cleicice's es Connecticut.ca-<<5 50.08 926s 602, 186570. eae ove’ 
Public Service’of New Hampshire... 05. .0csesccccccccces New Hampshirey;. se. .s se tee 432,386 3.2. cone . 
Eastern Utility Associates aie sacle siera vie ciel e oe ice Cnwae's Massachusett§ii 2. casein solace 393) 3500 cieeiee eee 

New England Gas’ & Electric. ot... <0 00 5a0 suis sails se Massachusetts ine ioci. o's se sieiee o's 2235867 Fe iatd eee : 
Bangor, Hydro: Electric sgipces 2. casi os te ofile en sislecisle ese 5 Mainesn csc es once 130; 897) 23....c sens 
Central Vermont Public Service. 5. 6650025 c ccs cenes Vermont.2 2. 7s canara ae 90, 030: ..,....<% oman 
Green; Mountain Powers ses tvi.tee oe cate oie ave viens tee vines = VeETMONt ss ce cc cnsscioces sane 53, 080). -<\2: in see 
Waunton: Municipals 2e oc5-1h a anc asemegenertasas «+ + Massachusetts 305i cccss scene se osetia ieee 77, 300 
Holyoke Gas’ & “Blectric ic tracts oes sie ebriieee st cierisin ses Massachusetts 7 2-5: «sx «stems tolstee ee Oren 42, 906 
Fitchburg Gas) & Electric 30 ici cients cies oni sinievs e169 aio/ainiere Massachusetts. . 20. -).cicesus-s«'s 61, 385.51, seeetegee 
Braintree Hlectrig sae tat ee ee Te ce eee cee es ete cates sia Massachusetts.) 53 .cuccs exe nc cade nae 38, 830 
Rumford Falls: Power syitsiien,: seta cen dole vie niet cole tereeiaie = 2 Maines 0 i ce ee Orit aes cae 34,110: 0. ee A 
Maine Public: Service... 28 vlad de oactice asus nctins «+ Maine (nie wee eels so shapes 5 36, 400. ones ee ; 
Burlington’ Plect se. toc. 6. eae ac nd Maise cts © ee nae oes Vermont soci. sceecns ese + oversee ccs 30, 000 
Wallingford Boro.2 tic esc dine «aes Memes cele er cosas ere ConnecticutiseiiiaGe. Gone ss eee anne nee 22, 500 
Newport Electric (700.4 sirsatass ss tics solvate se ts octet’ «0% Rhode Island osnwaaes ass ssn ae 18,500 2.0% Gee 
Hudson Light:& Powers: 255.0 a2 .'ceoee oc es enol sep e es Massachusetts i.5 3 :5:0,3.5.0;¢ 20's «93 5 oe eaeean de 19, 850 
Norwich, Gas & Electric. deg: 6. cae opuiniec os case eae tins « Connecuicnt? £5 5-scaroc sercciviaoate ene tener 17, 250 
Citizens: Utilities? 2 sc arras sieve tt ess iat «siete waters Vermont: ony. cos ineteeiepeniee 13, 980" oS oe ee 
Ipswich. Water-& Lightis.st anes. se ces cee sete cette aie Massachusetts. <... 2... oes sestess ce tieene ansee 10, 280 
South Norwalk Electrics... ivinn.. seen eee os Rn see wee Connecticut so" ina.4s et ee cet Sec comer 9, 195 
Farmington: River s..5 cus dis cases oss olen theo we sociation COnnecuCut css... a en eae s fe 8, 000. 3.5. noe 
Peabody: Blectrie:.. 75. case «is cic dai dere vice miele ole) rete w aia easing Massach tsetts 33. o. ssace «soars oo icles ne een 11, 150 
Swanton. Village Weise ctonin clare’ ci sive oie aia aioe oie erences Vermont... secs as ac aca s once arene 4, 600 
Nantucket, Gas, & \Blectric si 4, caites si cia derek winieysiateie oe = Massachusetts... <:s0<s eeenctenis 7, 950. 0%. Sasa 
Morrisville Viallage «aye tao ce areteetckoies fee elakereveias areca Verimontcacac ices nas 5 asset we seere oantne 3, 100 
Wolfeboro Municipals aa. 2 -1ui en oie ronnie eer creo eears New Hampshire. «0's... 0. <n. Wem rata eee 3, 016 
Barton Village:.\.1 2273 < srastyeja steers wives waite ioe sw «is Vermont 15-4 5 c.0> so soeaudeien sive ena ene 1, 400 
Eastern Maine Electric Coop: 2). icae 5 eee eee = = Maine. las 2 vee ess aie as ly ae ee eee 2, 500 
Enosburg' Falls i. 0 5). assets mast cai: 6555, oc one sae VEFMONES fecn olo's wins ois e's cele Cone clone eerie 1, 640 
City. of Providences err. Scie: cect sect t tee ane Rhode Island, Js cccccacte eens sak eee 4, 000 
Vinalhaven Light:/ Variiers.A eee eae oa cie Maite svc ses creole + aisle Seger 1,223 2.8 aoe veg 
Ksland Light 13:74 Gcigtevtest eis bes oh ae a ee ke hee ee Rhode Island 7.1.7... «tapeniasee 1,471. idk at ee 
Hardwick Village 15). c¥ vides at ae sot nent de on tenes WEEIONE io siacs cats sss head sri es cnn eee 1, 375 
Laibec Water® &: Electric (ayn oe dwn ine ahs oo ieee MAINE 5 ois asi. tha Revrcis sa, 4 EES Cine Saeko 1, 290 
Marblehead Light, cv1s,stces s0d4 + cen nneite more'a.s oe seein aes Massachusetts, (3%-50..4's's nega new eateiiaas anton 1, 136 
Lyndonville Blettricvy. 2 ger. oo ee nt eae tee Be sig cle Vermont «6 ing as ae srmoieraarabta ck howe 950 
Bangor, Electric: (City) of) 2 Ga 9G Aen tee reas oicinias oatene Maines cis sics 1 ane ex ae os ur oa tae oie 700 
Lewiston: Water ./0\.5 0.240.» sophie Pee eee eis Maine's 4c.0dssik a disse so tels oe abte ara ce ane ae 700 
White: Mountain Power’: 4g... cl Suis acotee amics sete ee ae Vermont oii s:650s sens > oan wie aussie span 500 
Madison Electricians cy sauces Gel oeea cee ee ee cee Maine. .aysidparew ieee BRE ee a bs © 500 
Woodsville Lights. or. cc sencc cn oe meena cd nen eee New Hampshire s <5 cxjcc catsuit niles 400 
Littletow Water’ S&-Light: 7ort sine cree. eee eras ocak en New Hampshire: 25 0 0is.s< a <n auisis.on ssieiawntaats 300 
Rangeley Power 22415. 2003 SNRs a eI Ces cae as Maine. tciee aalek ce eee eee 250 ois cto cree 
Bozrah Light « sual’ aclu Rao veathadeee bh quetce. does Connecticut! sai siiGacteeeaedte 250 2 tid. See 
Kennebunk Light ....,0.chesu cance ited eee ee Maine 26's: see srspucheresstats nists bie aiael lei siatoieleteae 150 
Swan's Island Electric Coops «5 o:cis «.s,<ceriem nisi’ canoe one Main ire oir cae ons oo sameness a aeate wae 350 
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Structure of Industry—Continued 
Structure of the Northeast Power Supply—Continued 


Installed generating 


Company or Agency State Soha dll 
Private Govt. or 
Coop. 
Study Area A—Year end 1967—Continued 

SEMUINOCTICUIE) YANKEE). S155 oie cesorinysiciars is 10's wiansierete wanda ead sate es Connecticut secre see st. 600, "S00 TF te cna te 
RVs KEG PA COMIC yale rer cuaiaee vaio vel. isiaus eysvansueh bes iaucitiistorolledareusteneneleree Massachusettsarmrriccintiocisiatee ehe 185,000 Metesste ese ct 
sherselslang: Plec tris swictensioisaverase) Me yavexee ekateyate eters) © shh 0% Newz Yorkie ecr ne ch ee eet 1 600 Serene rae 

BU ad EPA RENE sce Palen ssa 04 Sei oiess sescsie tana’ "o: gales MaleN ti Battar a SPs a gary fale heamare GM Nae Chal win to ele"ale ars are ois 9, 764, 718 307, 868 

ROSEY Cente Oil Ws, Fe) ais er er ee © 2) Oa nner Art pls San a Aha ed Aa 96. 9 3.1 

Study Area B—Year end 1967 

Consolidated Edison Co. of New York.............2.0e00: Neéwyy ork eda o.oo eens 7,806,152 28s eee 
Power Authority of the State of New York................ NEWRY Ork teers tee ten tte celtic cies 3, 102, 000 
BRAG ALA VEONAW Kt thee tos sin «.5io eo «1s ee 6 mone * News Y Or Ahern Pete eee 285865 139 eres 
Long Island Lighting Company.......... 20-0 seeweesees INEWaY OF) Sec rvcrcgotei tow oickeepene.> 15919374. Sea see 
INeway Ork State; blectricnécy Gas onc aca «se +0! sleihsyshersysiers ING Wi Y OL koh or. ot cpavstieici a sccpoctescve.anei 159) ABS iby oe Ae eee ee 
RochestenGas eeceblectricarsiie. saa cieies ceria rocmienas INCWAY Otkipetirrctctrs steceiohorescrscin.s DL Os1 90 Meier eters 
Centratlaudson Cras) Ot Blectric2 5... 3 ee toa giv ss ak ews INCWLY OF scenic eas mc cares S90, 23508, Reber a 
Orangerand Rockland, Utilities nit) s1e erie eae iaieicieie ole rensicie INGWHY Orkin ec etree oie, eyesore SU, 2) OMAR o. sccit 
Hammestown, Municinal! Klectri¢.., ..). . on s41<ahles Sais baa. bei NCW OPK ones cinta eta sia vie esis eth Euless Pe oe 57, 500 
(Eira 9 oH eat ee es ee oe SCC aI OE Re INCWRY OL Ketan ceats ae oor ne ae iio ind altho ee 26, 588 
PCC DORE Merten wi sea 3 oie vee sieid atic ws y SAS en 6.8,< INCWAL OLR coer tities sce ap iesctalem em se con «oc ote 13, 105 
on SUES STG cern iy eine le ard Cardi rare Pilar tA cae a aoe CE Newt VOrk pice tees cer ean nt a e'siais aise aia 5, 595 
Watertown Municipal Electric. 2... ces esses scone cesses New York..... erie Sty sane cate Wayated as 5, 400 
Lawrence Park Heat Light & Power.................006- NewY Ork Samits oe -lens Sousino ere 15600 sees os 
SSE M EG WALL ee Peete tate OE a leech wccxegentisd cael Sa teatine istacw aie INGWikd OFK fede ee spins Soha es he woken ss 500 
Brakes PIACiG. NAUMICIPAlI. Ahi ere os cs.c6 sees ceealy Sic ae zens INGWEY OFK Mecnieorcnitis, wa nici s SEIS s ws eloleys ene 5 fe ¥ 
RE ACTA Ae ay ft ieh eran, Salts es hale tS Mees sea IN CWE Y OF KR eetet dc tes Fert ee wis nts char eae? stews toes 128 
BPEKE PeLAVOLOSEACCINIC COLD gion) sscly is oro este ois Sly «0.9 0, New? Vork iis. eictos cite tee tes 0s 25940 Soe oe eS eee 
CF OUVETNOUD GV Age OF 652.655 5 a9 suse. soos Nibia wes Gino 36s atsloelee « INGWAY OFK trkacie ad sinew scot ea scn wane sa ahi: 160 
New York State Dept. of Public Works................... INGWAY- OL kK ea iaterc nie ciate, shh ere tpsueye ered store solahc 11, 200 
PLAT VD MALL AG COL ah son says dicisus misde rice Fa tee MES Deloss ING WAY ODK eosteyor sere oxera cusist are econ elsictelcisie ar suri Sue 187 
Scare a Celes MVEMINCIDAL ory ime ts eye ote eg > Wielh ie mein aah Wew 2) Ork tacapiis sas cacti sales © eras 0 vised 376 
PCVCSA MR ete eae are cits wees eas MMos ws RL a FIR CaO eo O ls INGWAY OF Re rcete ene oicre oe gs) ae nine shih s''a gefolel ner 130 
Platisburg bh sempre grec cn s iaie cheteicis a Monte ieee inet ale MAD cutee s INEWAY OF Ki er serene circ ceterel elo ore alae iereliei ahs 3, 236 

FLMC el Mamet eerie tes Eien Voir oun Sosutans Cita Be eus esi tale ictehe'd, Seotwus Wits oteystogscn'siel a Bopie ais She sb 14, 823, 883 3, 226, 437 

PeRCOMCARCIOn 1 OCAl Se sian sielers.s trance wlohe ius © shee elee wale sete aleve Sia eiscal eheie's's a) a svaie ws 82. 1 17.9 

Study Area C—Year end 1967 

Pablic Service; Hlectric and Gas...... 2. .cs eee eee ee ee New Jerseyin. sb aes < cre ees ces AOR ABS ee et cate eat 
Etuladeiphia silectric Company oo. oj5:6.0 sioise.s se o:6) oss ote sgn o's Pennsylvanian ici 4;.685; S30 girs asters 31-8 
Roemer ae PuDlic Uitte) <. Y)o. lo. genet el site re ce nintieetas Pas: GuNi Jesh tcc chles sae 3 3, 0425674 Mina fe slow snies 
Renusyivania Power co Light, oc. win. sss teitest cin eee es © Pennsyivaniaw, osm. sic. sis <% 25948, OOO Mian wares was 
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BaltrmoresGas and: Blectrics. ee ee ee er es teetee one Maryland fect ects orien 2E094, 650 won oe oes 
Delmarva POwWets oc Ligh. on oe tas es ae ene sarees aed Delawareaa tae st: 44 ais soe ste 90S; S99 ii tenaoss ata ecerats 
PAtIANCICRCUtyECCITIC eters ataciaciii aie ects ee bisisls okie canes News Jerseys cite sees iiss 710, 594 2 carro eas 
UGI Corp......: PC Oe Ne ISP A Ts Wie entire e, clletd Pennsylvaniavee ee ai 93, OOO 5S se.csrcsrce at's 
fy dneland PAectrice tals sts eivenic care ws atetma diale’s cfoxesh ds okelers. > New? Jersey siete asc tenis tects nie jcre sie <5. 52, 250 
Mansdalevblectricy sey te eee ee ea ack Beenie ess Pennsylvaniasereererrtritc tetris oes aie tolsicl 35, 750 
DOVERT Als ra tes nena lee ene sare ey eater ae oe c's oes Delawareyvacntie ot atcoie res cages: a cecicie ss 46, 250 
Easton ms Cities esas. prone ees. ance Mele ea ee sk loam Maryland canoer cnienicice he ts one e bos els c's 16, 375 
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Structure of Industry—Continued 
Structure of the Northeast Power Supply—Continued 


Installed generating 
capacity (Kw) 


Company or Agency State —_—— 
Private Govt. or 
Coop. 
Study Area C—Year end 1967—Continued 

Quakertown Municipal . 3%, <tc 1 ee aos 1 Seer Pennsylvania -.\..0.6 «:0,arsyouc owe ee eae ene 9, 900 
Seaford ics 2 seteetars Geis soe csas Gye a placae se sous seamen ees Delaware So.o%scct lasses er eee 7, 302 
South? River's. goretal. sass octet eis, eis lees etcons cus men hele IN GW J CT SCYic iss crspocsisdodeieseieae tees etek ere oe eee 6, 195 
Berlin yi) Jo's tte suantusrcweteustereee yoke elcevae stele Ua © stone huge ienee Maryland Avr c.na oe Ce ee 4, 148 
Girard Municipals fk eee oot ten ences core aes Commies Pennsylvaniats wc ose een ee eee 4, 139 
Weatherly Borough i tracts ree ities ea micieniyetelegemncacls Pennsylvania whic auc cia eer eee 2, 000 
Hatfield Mouricipal (at. Sas totes ci ieens Onset acniorsas Pennsylvanians. a7 6 ja snt oleae ee 2, 685 
Centreville Vian tke oat neat cits vases oman ae Maryland teas satin acces oe eee 3, 150 
dW eS Com ie Bete HEPC A Oeste oRPets Cb abe oe mean Delaware sis jc.\e eee asle. nen ee eee 3, 438 
Passaic: V alley. 2.52% tapers ice’, arsqeieae tapcttexe.atsvoke) <b Metchars’a hee erorscen INews Jersey sehr set cate oer eee ees 2, 400 
Pemberton’. a.cerevasiaeieurateairgctyen stoetore coer sretdstertie cpa tere ts New)-Jerseyi to ccc. cotton eee oer 810 
Accomack-Northampton Electric Coop................... Virginia Gar.) e soa) cn eee eee 2, 403 
Safe Ear bors Se waie heist: setshogscorsnc estates poters) tehetese ate te Pennsylvaniale..<\f ke 230; COO! 37. cine eee 
Bethlehem Steel (Corps. «Atha sis ay. io en het ees ee Marylandii tetas ee 158, 500 Fo. eee 
Hershey; Foods’ Corpivc. p.. «5, <1ccahy scratate tc ietorsge hele poets eres ee Pennsylvania 5.50.0 tt eo: 25, 000 °. 0. .7et. eee 
Lotal 5 Cae RR sos 2 bisa ahowdotncwracavarsnetaan Diente tat tare 5 ae aeel oben Me Ee tench tate wenn  ketete 22, 139, 615 198, 595 
Percentage Of Total wi vsits isis scancnstdasvn sae eel vncheeee te Ne le GRAN Renter Oe tense eee eman OOM 0. 9 
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APPENDIX E 


COMMITTEE MEMBERSHIPS 
Northeast Regional Advisory Committee 


H. J. Cadwell ? 
174 Brush Hill Avenue 
West Springfield, Mass. 01089 


E. R. Acker, Chairman 

Northeast Power Coordinating Council 
284 South Avenue 

Poughkeepsie, N.Y. 12602 


Brendan T. Byrne ”, President 

New Jersey Board of Public Utility Commissioners 
Rm. 316, State House Annex 

Trenton, N.J. 08625 


W. S. Chapin, General Manager & Chief Engineer 
Power Authority of the State of N.Y. 

10 Columbus Circle 

New York, N.Y. 10019 


Walter N. Cook, Manager 
Vermont Electric Cooperative, Inc. 
School Street 

Johnson, Vt. 05656 


T. CG. Duncan, Senior Vice President 
Consolidated Edison Company of New York, Inc. 
4 Irving Place 

New York, N.Y. 10003 


W. H. Dunham, President 
Central Maine Power Company 
9 Green Street 

Augusta, Maine 04330 


Emerson Harper, Engineering Assistant 
Office of Asst. Sec’y for Water & Power 
Department of the Interior 
Washington, D.C. 20240 


Russel Hicock *, Senior Vice President 
Northeast Utilities Service Company 
176 Cumberland Avenue 
Wethersfield, Conn. 06109 


F. H. King, Manager 

Holyoke Municipal Gas & Electric Department 
70 Suffolk Street 

Holyoke, Mass. 01040 


M. H. Pratt, Vice President 

Niagara Mohawk Power Corporation 
300 Erie Blvd. W. 

Syracuse, N.Y. 13202 


Edwin H. Snyder *, Chairman of the Board 
Public Service Electric & Gas Co. 

80 Park Place 

Newark, N.J. 07101 


Stephen R. Woodzell *, President 
Potomac Electric Power Company 
929 E Street, N.W. 

Washington, D.C. 20004 


NERAC Report Coordinating Committee 


M. H. Pratt, Vice President ° 

Niagara Mohawk Power Corporation 
300 Erie Blvd. W. 

Syracuse, N.Y. 13202 


* Formerly Chairman of the Board, Western Massachu- 
setts Electric Co., now retired. Chairman of NERAC from 
January 10, 1966 to close of meeting May 21, 1968. 

? Succeeded William F. Hyland, who resigned in Jan- 
uary, 1968. 


T. C. Dunham, President 
Central Maine Power Company 
9 Green Street 

Augusta, Maine 04330 


* Chairman of NERAC effective May 21, 1968. 

“Succeeded R. R. Dunn, who resigned August 1, 1966. 

5 Appointed September 13, 1968 to fill vacancy created 
by Mr. Cadwell’s resignation. 

* Chairman of Committee. 
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F. H. King, Manager S. R. Woodzell, President 


Holyoke Municipal Gas & Electric Department Potomac Electric Power Company 
70 Suffolk Street 929 E Street, N.W. 
Holyoke, Mass. 01040 Washington, D.C. 20004 
Task Forces 

Load Forecast Task Force 
J. A. Casazza (Study AreaC) E. L. Hoffman (Power Supply Area 3) 
Public Service Electric and Gas Co. Niagara Mohawk Power Corp. 
Newark, N.J. 07101 300 Erie Blvd. W., Syracuse, N.Y. 13202 
J. J. Drummond (Power Supply Area 4) P. J. Sullivan (Study Area A) 
Consolidated Edison Company of N.Y. Inc. Western Massachusetts Electric Co. 
New York, N.Y. 10003 174 Brush Hill Avenue 


West Springfield, Mass. 01089 


Hydro-Electric Peaking and Quick Start Generation Task Force 


William S. Chapin ? Paul L. Johnson 

Power Authority of the State of New York Central Maine Power Company 
New York, N.Y. 10019 Augusta, Maine 04330 

W. J. Burns, Manager Roger D. Ley 

Long Island Lighting Company General Public Utilities, Inc. 
Hicksville, Long Island, N.Y. 11801 Reading, Pa. 19603 

Robert E. Charpentier Jack R. Templeton 

New England Power Company Potomac Electric Power Company 
Boston, Mass, 02109 Washington, D.C. 20004 


Bulk Power Transmission Task Force 


Wells P. Allen, Jr. Wei Shing Ku 
New York State Electric & Gas Company Public Service Electric and Gas Company 
Binghamton, N.Y. 13902 Newark, N.J. 07101 
W. J. Balet C. A. MacArthur 
Consolidated Edison Company of N.Y., Inc. Pennsylvania Power & Light Company 
New York, N.Y. 10003 Allentown, Pa. 18101 
David Hayward B. O. McCoy 
Eastern Mass-Vermont Energy Control Vermont Electric Power Company, Inc, 
Westboro, Mass. 01581 Rutland, Vt. 05701 
Base Load Generation Task Force 
W. L. Ridenhour ® D. Douglass 
Baltimore Gas and Electric Company Millstone Point Company 
Gas and Electric Building, Baltimore, Md. 21203 P.O. Box 2370, Hartford, Conn. 06101 
E.S. Bailey, Jr. J. N. Ewart 
Baltimore Gas and Electric Company Niagara Mohawk Power Corporation 
Gas and Electric Building, Baltimore, Md. 21203 300 Erie Blvd. W., Syracuse, N.Y. 13202 
*Chariman of Task Force. Asa George, Ass’t. Chief En- S. G. Millspaugh , : 
gineer, substituted on some occasions. Central Hudson Gas & Electric Corporation 
* Chairman of Task Force. 284 South Avenue, Poughkeepsie, N.Y. 13602 
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J. J. Ray 
Philadelphia Electric Company 
1000 Chestnut St., Philadelphia, Pa. 19105 


B. H. Weiner 
Boston Edison Company 
800 Boylston Street, Boston, Mass. 02199 


Fossil Fuel Resources Committee 
Northeast, East Central and Southeast Regions 


John F. Campbell ® 
Consolidated Edison Company of New York, Inc. 
4 Irving Place, New York, N.Y. 10003 


Kurt Brenner 
Public Service Electric and Gas Company 
80 Park Place, Newark, N.J. 07101 


Earl F. Brush 

Hamilton Department of Public Utilities 
High Street & Monument Ave., 
Hamilton, Ohio 45010 


Alexander Gakner 
Federal Power Commission 
441 G Street, N.W., Washington, D.C. 20426 


® Chairman of Committee. 


Thomas W, Hunter 
Bureau of Mines, Department of the Interior 
Room 4415, Washington, D.C, 20240 


Alfred J. Ormston 
Florida Power Corporation 
P.O. Box 14042, St. Petersburg, Fla. 33733 


Thomas H. Pofahl 
Office of Oil and Gas, Department of the Interior 
Room 5508, Washington, D.C. 20240 


John P. Gallagher, Piqua (Ohio) Municipal 
Plant, previous member of the Committee, resigned 
due to change of employment. 
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MAJOR GENERATING STATIONS) 
(400 MEGAWATTS AND OVER) | 


“CODE PLANT NAME 


1970 


CA 


| 


O CONVENTIONAL HYDROELECTRIC | 


MOSES-NIAGARA 

MOSES-ST. LAWRENCE 

SAFE HARBOR-CONOWINGO + 
DICKEY-LINCOLN SCHOOL 


ONe> 


1,950 


912 
812 


} PUMPED STORAGE HYDROELECTRI| 


MUDDY RUN 
NORTHFIELD MT, 
BEAR SWAMP 
HOUSATONIC AREA 
CORNWALL 
KITTATINNY MT, 
STONY CREEK 
GILBOA 

ROWE 

BERLIN 

EASTERN NEW YORK 
WESTERN NEW YORK 
CENTRAL NEW YORK 
WYCOFF RUN-MIX RUN, 
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“STRETCH RATING” OF UNITS USED WHERE AVAILABLE. 
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ON BASIS OF 50 YEAR SERVICE LIFE AFTER 1970. - 
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ELECTRIC POWER 
IN THE EAST CENTRAL REGION 
1970-1980-1990 


A REPORT 


to the FEDERAL POWER COMMISSION 
: prepared by 


THE EAST CENTRAL 
REGIONAL ADVISORY COMMITTEE 
DECEMBER 1969 


PREFACE 


This Report has been prepared and is being submitted to the Federal Power Commission (Commission) 
and its Executive Advisory Committee pursuant to the provisions of the Commission’s “Order Establishing 
National Power Survey Regional Advisory Committees,” issued January 10, 1966, and order of the Com- 
mission, dated December 20, 1967, continuing the existence of such Regional Advisory Committees. 

The East Central Regional Advisory Committee (Committee) is one of the six Regional Committees 
appointed by the Commission pursuant to its order dated January 10, 1966, to assist the Commission and the 
Executive Advisory Committee in its work with and for the Commission, specifically, among other things, 
in updating the National Power Survey, a report issued by the Commission in December 1964. The area 
represented by the Committee is the East Central Region (Region II) as delineated by the Commission 
pursuant to Section 202(a) of the Federal Power Act, as shown below. 
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The Committee has had 15 meetings, the first of which was held on April 18, 1966. The membership 
has undergone several changes since the Committee’s appointment, and a list of the Committee’s membership 
is contained below. In addition to the Committee members, the meetings were regularly attended by Gom- 
mission Staff personnel, including the Commission’s Regional Engineer and the Committee’s Secretary, a 
Commission Staff member. 

While the Committee (through task forces and/or subgroups) prepared reports on Design and Operat- 
ing Practices and Avoided Interruptions for possible use in the preparation of the Commission’s Report on 
Reliability of Bulk Power Supply, issued in July 1967, its principal activities have been in four areas, namely, 
fuel resources; load projections; patterns of generation and transmission; and coordinated planning and 
development. A task force was appointed to prepare a report covering each of the four topics and the reports 
of these task forces have formed the basis for this report. The task force on Fuel Resources was a joint task 
force for the East Central, Southeast, and Northeast Regional Advisory Committees. (Membership lists of 
these task forces are contained below. ) 

Guidelines were prepared by the Commission’s Staff for the use of each task force and were revised and 
supplemented from time to time. 

A majority of the Committee took issue with certain portions of the Staff's Guidelines For Study of 
Coordinated Planning and Development by Regions (Revised Draft, dated February 21, 1967). No useful 
purpose would be served by repeating these objections and criticisms here. It should be noted, however, that 
the text of such comments, and the text of dissents to such comments by two members of the Committee, 
appear as attachments to the minutes of the Committee’s meeting held on August 24, 1967. 

It should also be noted that on the agenda for discussion at the meeting held August 24, 1967, was an 
item “Comments or questions on the proposed Electric Power Reliability Act” (S. 1934 prepared by the 
Commission and introduced on June 7, 1967, in the U.S. Senate). This item was not discussed but the text 
of comments by a majority of the Committee and the text of dissents to such comments likewise appear as 
attachments to the minutes of such meeting. Including them in this report seems not appropriate. 

The foregoing comments are included here to explain that in preparing this report the Committee has 
felt free to follow or not follow the Staffs guidelines, since this report is the report of the Committee and the 
Committee assumes responsibility for its content. It should be emphasized, however, that, notwithstanding 
certain objections to the Staff’s guidelines by a majority of the Committee, the guidelines have been most 
helpful and the differences of opinion between members of the Committee and Staff personnel on various 
items have been the exception. Further, the Committee has received complete cooperation from the Com- 
mission’s Regional Engineer, Chicago Regional Office, members of his staff, and members of the Commis- 
sion’s Washington staff. 

The Committee wishes to express its appreciation to members of the Chicago, New York and Atlanta 
offices of the Federal Power Commission and to the personnel of the several power systems in the East Central 
Region who have provided invaluable assistance in this endeavor. 


List of Members—East Central Regional Advisory Committee: 


E. F. Brush,* Lansing Board of Water & Light 

J. H. Campbell, Consumers Power Company 

J. P. Gallagher,? Municipal Power System, Piqua, Ohio 
C. R. Johnson,’ Public Utilities Commission of Ohio 

E. L. Lindseth,* The Cleveland Electric Illuminating Co. 
Wells T. Lovett,® Kentucky Public Service Commission 
D. B. Mansfield, Chairman, Ohio Edison Company 

W. J. Matthews, Public Service Company of Indiana 

F. J. McAlary, Allegheny Power System 


* Replaced J. P. Gallagher. 

* Resigned October 25, 1967. 
* Replaced Wells T. Lovett. 
“Resigned January 10, 1967. 
* Resigned January 5, 1968. 
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T. J. Nagel,® American Electric Power Service Corp. 
H. L. Spurlock, East Kentucky RECC 


List of Members of Task Forces: 
Load Projection: 

H. L. Spurlock, Chairman 
R. H. Breckenkamp, East Kentucky RECC 
H. J. Stemm, Ohio Municipal Electric Association 
W. J. Mosley, Consumers Power Company 
R. H. Travers, Ohio Edison Company 
Dale McLeod, Hoosier Energy Division 


Fuel Resources (Joint with Northeast and Southeast Advisory Committees) : 


J. F. Campbell, Chairman, Consolidated Edison Company 
Kurt Brenner, Public Service Electric & Gas Co. 

E. F. Brush (J. P. Gallagher) , Lansing Board of Water & Light 
Alex Gakner, Federal Power Commission 

Thomas Hunter, Bureau of Mines, Dept. of the Interior 

A. J. Ormston, Florida Power Corporation 

Thomas H. Pofahl, Office of Oil & Gas, Dept. of the Interior 


Coordinated Planning and Development: 
F. J. McAlary, Chairman 
C. J. Frederickson, Ohio Edison Company 
C.R. Johnson (Wells T. Lovett) 
W. J. Matthews 
J. F. McQuillin, Allegheny Power System 
H. R. Wall, Consumers Power Company 


Patterns of Generation and Transmission: 


W. J. Matthews, Chairman 

J. F. McQuillin, Allegheny Power System 

L. M. Ramsdell, East Kentucky RECC 

S. W. Shields, Public Service Company of Indiana 
H. R. Wall, Consumers Power Company 

Lynn Firestone, Ohio Edison Company 


Secretary to the Committee: David L. Simon, Chicago, Illinois 
Regional Engineer: Lenard B. Young, Chicago, Illinois 


Commission Staff members who customarily attended meetings of the Committee: 


F. Stewart Brown, Chief, Bureau of Power 

Orel E. Haukedahl, Deputy Regional Engineer, Chicago 
Warren Jackson, Engineer, Bureau of Power 

Cleve R. Jacobsen, Engineer, Bureau of Power 

J. D. Hebson, Engineer, Bureau of Power 

Herbert R. Rinder, Engineer, Bureau of Power 

Elmer C. Ilker, Engineer, Bureau of Power 

Harold H. Krefft, Engineer, Bureau of Power 


* Replaced E. L. Lindseth. 
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SUMMARY 


The East Central Region, with a population of 
about 32 million or 15% of the national total, en- 
compasses approximately 7% of the land area of the 
contiguous United States and utilizes about 17% 
of the nation’s electric energy. The region, as shown 
on the map included in the Preface, encompasses 
all of five states, together with portions of four addi- 
tional states. It extends from the southern and east- 
ern shores of Lake Michigan and the Illinois- 
Indiana state line on the west to western Pennsyl- 
vania and western Maryland on the east, and from 
the Lower Peninsula of Michigan and Canada on 
the north to southern Kentucky and the borders of 
Tennessee and North Carolina on the south. Clas- 
sified as Region II by the Federal Power Commis- 
sion, it includes seven of the 48 FPC power supply 
areas in the United States. 

The non-coincident peak load of the East Central 
Region for 1965 was 31,000 megawatts (MW) and 
the electric energy requirements were 180 billion 
kilowatthours (kWh). The expected non-coinci- 
dent peak demand will reach about 44,000 MW by 
1970 with total energy requirements of approxi- 
mately 252 billion kWh. By the year 1990, the pro- 
jected values of demand and energy requirements 
are expected to be approximately 146,000 MW and 
857 billion kWh, respectively. This represents an 
average annual compound growth rate of 6.3%. 
In view of the growth of both summer and winter 
seasonal loads and the already heavy component of 
industrial load in the region, no significant change 
in the present relatively high annual load factor of 
approximately 66% is being projected. The present 
break-down of consumer usage by major categories 
of load is 26% for rural and residential, 16% for 
commercial, 54% for industrial and 4% for all other 
usage. Again, no significant change in these values 
is foreseen at this time. 

An analysis of load characteristics on a daily, 
monthly and annual basis shows minimal diversity 
among the principal power suppliers, producing ap- 
proximately 95% of all energy requirements in the 
region. Little, if any, change in this regard is antic- 
ipated in the future. At present, both the summer 


and winter coincident peak demands in the region 
are very nearly equal. Future seasonal trends in 
peak demand are difficult to determine in view of 
the composition and characteristics of the region. 
There is some evidence, however, that the historical 
winter peaking characteristic may be tending to- 
ward a summer peaking situation. 

The East Central Region encompasses a major 
portion of the Appalachian coal resources. For this 
reason, coal from within the region historically has 
provided the vast bulk of raw energy for utility pur- 
poses. In 1970 coal will supply about 97% of all 
electric energy requirements in the region. The an- 
ticipated continuing major role of coal as an energy 
source for electric generation is demonstrated by the 
fact that even though nuclear power is expected to 
grow appreciably during the 1970-1990 period, 
approximately 50% of all electric energy require- 
ments within the region are projected to be supplied 
by coal-fired plants in 1990. While the percentage 
contribution of coal to the region’s energy require- 
ments will have been significantly reduced during 
this period, electric energy production from coal- 
fired plants will have almost doubled between now 
and 1990. Other energy sources, such as oil, gas and 
hydro, are expected to continue to play minimal 
roles in electric power generation. 

Since less than 25% of the coal reserves in the 
East Central Region are of the low-sulfur type (1% 
or less), since these reserves are relatively concen- 
trated geographically in southeastern Virginia, 
southern West Virginia and eastern Kentucky, and 
since they are and will continue to be in high de- 
mand by the metallurgical industry, the bulk of the 
fuel for future coal-fired plants in the region will be 
of higher sulfur content. With this in mind, the use 
of tall stacks of 800 to 1,200 feet in height to give 
better flue gas dispersal has been projected in many 
instances, Also, since there are, at present, no effec- 
tive methods of sulfur dioxide removal, tall stacks 
will continue to provide an interim solution to the 
achievement of low ground-level sulfur dioxide con- 
centrations. Aware of the need to pursue the de- 
velopment of satisfactory sulfur dioxide removal 
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techniques, the utilities in the region are undertak- 
ing, in cooperation with others in the power indus- 
try, a continuing program of research. Such tech- 
niques, when developed, will inevitably add to the 
costs of power supply facilities and thus to the cost 
of electric energy to the consumer. 

To meet the power demands of 1990 it is antici- 
pated that at least 130,000 MW of new generating 
capacity will be constructed in the East Central 
Region. These additions, together with existing gen- 
eration and allowing for retirements, will result in 
an overall generating capability in the region of 
about 180,000 MW in 1990 to meet a load of ap- 
proximately 146,000 MW. Current projections show 
that most of these generating units will be of in- 
creasingly larger size, ranging up to 1,500 MW by 
1980 and possibly 2,500 MW by 1990. The effect of 
this trend to larger sized units to achieve increasing 
economies of scale will be to radically change the 
composition of unit size in the region from a mix in 
1970 where about 70% of the total installed capacity 
is in units of 300 MW or smaller size to a distribu- 
tion of sizes in 1990 where almost 50% of all capac- 
ity installed is expected to be in unit sizes of 1,000 
MW or larger. 

To meet the transmission needs of the region, the 
already extensively developed extra-high-voltage 
(EHV) network will have been expanded from a 
total of about 6,000 miles of transmission line in 
1970 to approximately 17,000 miles of 345-kV, 500- 
kV and 765-kV line by 1990. The latter voltage 
alone is projected by 1990 to account for almost 
25% of all EHV facilities. Extensive additional in- 
ternal interconnection is projected by the utilities 
supplying the East Central Region together with 
reinforced interconnections, many at EHV, to con- 
tiguous regions. 

Of the 401 identifiable utility entities in the East 
Central Region, 22 systems, based on available 
1965 data, experienced loads of 100 MW or greater, 
while 307 systems experienced loads of 12 MW or 


less. The former comprised eighteen investor-owned, 
one cooperatively owned, and three municipally 
owned systems. (Since that time Buckeye Power, 
Inc., an organization of 27 Ohio rural cooperatives 
with self-owned generation, has come into this 
category.) Of the 401 electric systems, only 27 rep- 
resenting about 1.2% of the generating capacity in 
the region, were not interconnected with other sys- 
tems in 1967. 

The investor-owned segment of the power in- 
dustry in the region comprises four holding com- 
panies (two of which are in power pools), four 
power pools, three unaffiliated operating utilities, 
and the Ohio Valley Electric Corporation (OVEC), 
a wholly owned subsidiary of power companies 
within the region organized to supply the Atomic 
Energy Commission’s gaseous diffusion plant near 
Portsmouth, Ohio. The member systems of these 
investor-owned groupings, together with the East 
Kentucky RECGC, in turn, are participants in the 
East Central Area Reliability (ECAR) Agreement, 
one of several regional councils in the United States 
established to augment and assure reliability of bulk 
power supply. In addition to the power supply 
groupings described above, Kentucky Utilities Com- 
pany and East Kentucky RECC, by virtue of their 
extensive interconnection with each other, operate 
under a joint agreement. 

Responsibility for assurance of reliability and ade- 
quacy of bulk power supply in the East Central 
Region rests first and foremost within the individual 
power systems, power pools and multi-system plan- 
ning groups. The net result of these efforts is then 
reviewed and assessed by ECAR for their overall 
impact on bulk power supply within and, in turn, 
outside the region. The latter is achieved through 
either interregional agreements between ECAR and 
other contiguous coordinating councils or through 
liaison and other arrangements among utilities along 
the boundaries of the East Central Region with 
other regions, 
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CHAPTER | 


GENERAL DESCRIPTION OF THE EAST CENTRAL REGION 


The East Central Region extends over an area 
including all or portions of nine states. This includes 
all of Ohio and Indiana, Michigan’s lower penin- 
sula, all but a small portion of the states of West 
Virginia and Kentucky, significant parts of Pennsyl- 
vania, Maryland and Virginia, and a small area in 
and around Kingsport, Tennessee. Exhibit I.1 shows 
this region in relation to other regions comprising 
the continental United States. 

More than two-thirds of the 32 million people 
who inhabit the East Central Region live in urban 
areas, the remainder in rural—both farm and non- 
farm. In spite of the above-average population 
density of the region and its reputation as an in- 
dustrially oriented area, agriculture and agriculture- 
related business constitute an important segment of 
its economy. While the region encompasses less 
than 7% of the total land area of the contiguous 
United States, its farms produce over 10% of the 
nation’s farm products, based on value of products 
sold. Its farms are considerably smaller than else- 
where in the nation, and are cultivated more 
intensively. 

All sections of the region are rich in mineral re- 
sources, ranging from coal and petroleum to stone 
and gravel. The availability of these resources and of 
navigable waterways led to the early settlement of 
the region and its ultimate development into a lead- 
ing industrial area. 

Taken as a whole, the region realizes most of its 
wealth from manufacturing and leads the nation in 
the production of steel and related products, auto- 
motive products, and rubber and plastics. Its other 
manufacturers cover a wide range of diversified 
products. 

Based on value added by manufacture, more than 
20% of the nation’s manufactured products come 
from this region, and about 20% of the nation’s 
manufactured exports. Expenditures for new plant 
and equipment in the last 15 years indicate that the 
region’s importance as an industrial center is in- 
creasing. During that period, annual expenditures 


for new plant and equipment in the East Central 
Region have ranged from 20% to 27% of the 
national total. 

While the East Central Region includes some eco- 
nomically depressed sections, notably in the Ap- 
palachian areas of Ohio, West Virginia and 
Kentucky, residents of the states of Michigan, Indi- 
ana, Ohio and Maryland are in the upper third 
among all states in the nation in per capita income. 

Perhaps one of the greatest contributing factors 
to the region’s industrial progress has been its water 
resources—namely, the Great Lakes and the Ohio 
River, both as a means of transportation and as a 
source of processing water. In spite of expanded 
land transportation facilities, traffic on the Ohio 
River and the Great Lakes has _ increased 
substantially. 

The opening of the St. Lawrence Seaway has 
made seaports available that are tied to all major 
manufacturing sections of the East Central Region 
by an extensive highway system. The Seaway also 
has helped stimulate a developing megalopolis ex- 
tending from Pittsburgh on the east to Chicago and 
Milwaukee on the west, with a spur extending 
north to Detroit. 

Population projections for the region between 
now and 1985 indicate that its growth as a whole 
will be somewhat below the average for the nation. 
However, the section between Pittsburgh and 
Chicago is expected to be well above the average in 
population growth and well on the way toward be- 
coming a continuous city. 

The fortunate mix of agriculture and industry 
throughout the bulk of the area gives it an economic 
base that has kept it above average in most eco- 
nomic indices. There is no indication that the agri- 
cultural segment of the economy will suffer serious 
erosion in the near future and all evidence con- 
tinues to indicate even more substantial growth in 
the industrial sector. 

In terms of electric energy, the East Central 
Region is one of the most highly developed and 
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EXHIBIT I.| 
FEDERAL POWER COMMISSION 
NATIONAL POWER SURVEY REGIONS 
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significant areas of the United States. While it 
covers less than 7% of the land area, it utilizes 
about 17% of the nation’s electric energy. It con- 
tains some of the country’s most noted steam-electric 
plants which are well distributed throughout the 
area. This generation is tied into a well integrated 
and heavily interconnected transmission grid, oper- 
ating at voltages ranging from 120 kV to 765 kV. 
This network is also heavily interconnected to sys- 
tems outside the region, and includes major ties to 
Illinois, Tennessee, North Carolina, and Ontario 
(Canada), as well as to other systems in Virginia, 
Kentucky, Maryland, and Pennsylvania. 

The size and intensive development of the power 
systems in the East Central Region are sharply 
brought out by a comparison of its electric energy 


consumption with that of five major countries of 
Western Europe, namely, the United Kingdom, 
Sweden, West Germany, France, and Italy. The 
East Central Region has a population of 32 million 
versus approximately 225 million for these countries, 
a ratio of 1 to 7. The 1967 total electric energy pro- 
duction in the region was 215 billion kilowatthours 
compared with 525 billion kilowatthours for these 
same countries, a ratio of 1 to 2.4. Thus, the East 
Central Region has a per capita energy ratio of 
almost 3 to 1 compared with that of five major 
countries of Western Europe combined. This com- 
parison of the region with one of the most tech- 
nologically advanced and highly industrialized areas 
of the world provides additional perspective of the 
area’s characteristics. 
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CHAPTER Il 
FUTURE POWER REQUIREMENTS 


Introduction 


A prerequisite to any discussion of future patterns 
of power supply in the East Central Region is a 
determination of probable trends in electric power 
consumption. The purpose of this chapter is to 
analyze and project the power requirements of the 
region for the 1970-1990 period. As such, it pro- 
vides a basis for the future planning and operation 
of the power systems which serve the region. The 
forecast of possible future generation and transmis- 
sion expansion patterns described in Chapter X of 
this report is based in large measure on the power 
requirements statistics presented in this chapter. 
Also, these statistics provide a basis for the compari- 
son of developments with other regions of the 
country. 

The scope and form of the power requirements 
projections, described below, are consistent with 
those prepared by other regions. Peak demand, 
energy for load, and load factor are presented as 
experienced in 1965 and as envisioned for every 
fifth year, namely, 1970, 1975, 1980, 1985 and 1990. 
The energy for load is classified by customer groups, 
with the AEC Portsmouth area load listed as a 
separate category. Seasonal characteristics are 
discussed and area load diversity is analyzed. Growth 
patterns within the region are illustrated. As is 
customary in such statistical analyses, most of the 
load data are grouped by PSA’s (Power Supply 
Areas established by the Federal 
Commission) . 


Power 


As previously indicated, the East Central Region 
consists of all or large portions of the states of 
Michigan, Indiana, Ohio, Kentucky, and West 
Virginia, together with parts of Pennsylvania, 
Maryland, and Virginia, and a small area in and 
around Kingsport, Tennessee. This entire area is 
indicated as Region II on the map of the National 
Power Survey Regions (Exhibit I.1). 


In terms of Power Supply Areas, the East Cen- 
tral Region includes PSA numbers 7, 8, 9, 10, 11, 
12, and 19. These PSA’s are used as the basis for de- 
scribing the electric power requirements of the 
region. 

The load projection data presented in this chap- 
ter were developed by the East Central Regional 
Advisory Committee’s Task Force on Load Projec- 
tion. All of the exhibits and most of the discussion 
contained in the Task Force report, entitled “Load 
Projection 1970 Thru 1990,” are included. The 
Task Force was assisted in its work by the staffs 
of the New York, Chicago, and Atlanta FPC Re- 
gional Offices. 

This chapter first presents a brief discussion of 
the methods used to project load and energy re- 
quirements. This is followed by a presentation of 
load, energy, and load factor data for each PSA 
through 1990. These energy requirements are then 
classified according to customer groups. Daily and 
seasonal load characteristics are discussed, and data 
are presented to indicate annual, monthly, and daily 
load diversity within the East Central Region. 
Finally, this chapter presents and discusses load 
growth patterns and principal load centers of the 
region. 


Load Projection Methods 


Practically every type of activity in the electric 
power industry necessitates the projection of load 
requirements. The daily operation of each system 
or group of systems requires short-term forecasts, 
based heavily on weather, seasonal variations, and 
specific industrial activity to schedule economically 
and reliably the hourly loading of generating facil- 
ities. Such information likewise is essential in sched- 
uling maintenance outages of generation and 
transmission facilities. Forecasts of medium range 
are required for planning additions in generation 
and transmission, while projections of peak de- 
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mands 20 years or more into the future are helpful 
for the development of long-range system patterns. 
The planning of the system on a long-range basis 
is essential to assure optimum short-term develop- 
ment of system facilities and to allow sufficient time 
to conduct research and develop new equipment to 
meet future needs. 

In addition to the time dimension in load fore- 
casting there is the space dimension, that is, a pro- 
jection of the evolving geographic pattern of future 
power requirements. 

The importance of accuracy in the time and 
space dimensions of load projection depends, of 
course, on the use of the data. Thus, studies within 
a specific system for the purpose of establishing 
the timing of future generating plant additions are 
based mainly on the annual peak load projections 
for the total system, as well as the projected hourly, 
daily and seasonal characteristics of the total load. 
Studies of local transmission and distribution sys- 
tem developments need to be based on where the 
load must be served as well as its timing, and require 
the projection of annual peak loads at specific sub- 
stations. Studies of bulk power transmission, par- 
ticularly at extra-high voltages, require the resultant 
annual peak loads at principal supply substations 
as well as a knowledge of the generation sources, 
oftentimes for extensive areas of the interconnected 
network, and thus must consider the time as well as 
the space dimension of future power requirements. 


Long-term estimates for any area under study 
show the normal trend of power requirements that 
may be expected on the basis of the area’s natural 
resources, its ability to attract and support economic 
growth, and a reasonable rate of development. Gen- 
erally, no attempt is made to predict economic 
cycles; the load estimates at any period in time may 
be either above or below the actual requirements, 
depending on economic conditions then prevailing. 
Although the loads for a given year may be reached 
either a few years before or later than estimated, 
such studies show the probable size of the market 
which will exist. 

In forecasting long-term power requirements, it 
is customary to make detailed local area estimates 
as well as overall system load estimates. Estimates 
of overall requirements generally are based on the 
trend established over the past 10 to 15 years. The 
trend, determined by means of curve-fitting tech- 


niques, is extended through the period under study. 
Estimates based on judgment and knowledge of the 
region are used to modify the projected trend to 
account for deviations due to changing economic 
conditions, changing area population, or other fac- 
tors influencing electric load growth. 

A number of interrelated factors have been found 
valuable in forecasting electric power requirements. 
These factors, some of which are based on analyses 
of past data, have shown varying degrees of cor- 
relation with projected results. 


A widely used factor in forecasting future electric 
energy requirements is population, which is one of 
the most readily available and most reliable types of 
statistical information. Population size has been 
found to have its most significant influence on the 
amount of residential electric energy required. 
Based on past history, good correlation has been 
established between the number and size of house- 
holds and the amount of electric energy consumed. 
Such correlations, however, can be significantly 
altered by the development and marketing of new 
applications such as electric heating. 

Population size is also related to commercial sales, 
but probably to a lesser degree than to residential 
sales. Commercial sales are more directly affected 
by the general trend of business conditions and by 
the degree of acceptance of new electric energy ap- 
plications, such as lighting, commercial cooking and 
air conditioning. In recent years the growth of air 
conditioning has become an important segment of 
commercial load during the summer months. In 
many urban areas the impact of this type of load 
growth may be less pronounced in the future as the 
air conditioning market approaches its saturation 
level. New opportunities for increased commercial 
sales are developing, however. Heating with light, 
an overall emphasis on higher lighting levels, and 
all-electric office 
contributions. 


buildings are making new 

The level of activity of the economy, the type of 
industry served, and technological changes in indus- 
trial processes are primary factors in determining 
industrial requirements. Such indicators as the 
Gross National Product and the Federal Reserve 
Board Index of Manufactures are helpful in pro- 
viding a general indication of economic activity and 
its possible effect on energy requirements. Consid- 
eration also must be given the projected activity of 
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high energy use industries, the availability of indus- 
trial sites, the type of industry likely to be attracted 
to an area, and specific expansion plans of existing 
major energy consumers. 

The development of new electric energy-consum- 
ing processes has a major impact on industrial re- 
quirements. Technological innovation and the 
outlook for further automation of the industries 
within an area has been, and will continue to be, an 
important factor in any forecast of industrial loads. 
Although much of the technology that will be de- 
veloped in the next 25 years is impossible to predict, 
a great deal of work is being done on technological 
forecasting and some significant changes in indus- 
trial trends can be seen. For example, according to 
a recent study by Battelle Memorial Institute, a 
major increase can be expected in the use of electric 
furnaces by the steel industry. In 1967 approxi- 
mately 15 percent of the steel-making capacity of 
the United States was in electric furnaces. By 1990 
it is estimated that electric furnaces will produce 
nearly half of the steel output. 

The natural resources, including water supply 
and geographical features of an area, can have a 
pronounced effect on industrial, commercial, and 
residential load developments. Also important are 
existing and future transportation facilities. 

The need for more accurate and more detailed 
information on future electric power requirements 
has been pointed up by the current national empha- 
sis on power system reliability, coupled with grow- 
ing activities in long-range inter-system planning 
and coordination. Another important factor in this 
connection has been the increasing lead time re- 
quirements for the planning, manufacturing and 
construction of major power system facilities, to- 
gether with the extensive time required for securing 
regulatory approvals in nuclear and hydro licensing 
This has placed a renewed emphasis on the 
methods used for providing this load information. 
Thus, there is increasing effort towards quantifying 
load forecasting techniques and developing methods 
which are much more sophisticated than those based 
primarily on an “educated extrapolation” of past 
performance and growth trends. Recent develop- 
ments in the use of quantitative methods and 
analytic tools have made some advances and are 
being pursued further. 

A danger inherent in overly quantitative load 
forecasting techniques is that they may tend to be- 


come pseudoscientific, with various questionable 
basic assumptions hidden by numerical detail and 
manipulation. The air of certainty often conveyed 
is seldom well-founded and can hinder rather than 
aid the user’s judgment. 

A good forecasting procedure can be quantitative 
in nature but must be flexible enough to allow evalu- 
ation of the effects of various assumptions and to 
permit the use of judgment and imagination. The 
load forecaster must weight carefully all data, fac- 
tors and speculations in light of his best judgment, 
and point up the importance and effects of the 
various assumptions on the projected power re- 
quirements. 

Similarly, any system development plans based 
on the projected load data must be evaluated in 
light of possible variations in actual loads, the eco- 
nomic consequences of such variations, and their 
overall effect on service reliability. 

Against the background of these many consid- 
erations, the Task Force did not believe it realistic 
to carry out its own independent analysis of probable 
future trends in load and energy requirements in the 
East Central Region. Instead, it decided to pool 
the independent judgments of the various utilities 
concerned, thereby reflecting their diversified meth- 
ods and assumptions. For this purpose the Task 
Force sent a questionnaire to all of the major utili- 
ties, municipals, and power supply cooperatives 
within the East Central Region asking for their pro- 
jections in peak demand and energy through the 
year 1990. These data were requested by May 1, 
1967. The questionnaire also asked for these projec- 
tions in five different categories of retail con- 
sumption. 

Load projections also were obtained from the 
appropriate Federal Power Commission Regional 
Offices, namely, Chicago, New York and Atlanta. 
This information together with the responses to 
the above questionnaire as well as data from other 
sources (such as EEI reports), provided the basis 
for the projections which follow. 

Although per capita use, population projections, 
Gross National Product or other forecasting methods 
were not utilized directly by the Task Force in mak- 
ing the projections, these factors undoubtedly were 
utilized in varying degrees by the respondents to 
the Task Force’s questionnaire and are, therefore, 
determined 


incorporated into the projections 
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EXHIBIT Hi.1 


East Central Region Future Power Requirements 


(1,000 
kW) (1,000,000 kWh) 
1965 1 1970 1975 1980 1985 1990 

PSA-7: 

Peaksemiain ye) ee stew cee anne ake cae ds 3,948 55,140 56,660 58640 511,250 514 600 

BCT PY Oe LOGO foci coe cc trt tae meuenas See See mm 23, 885 31, 100 40, 400 52, 600 68, 400 88, 900 

| Keakevs WO Gp tal fas ec AC aa ere Re eee ae Acar oe 69. 1 69. 1 69. 2 69. 3 69. 4 69. 5 
PSA-8: 

Peaks Demand 28 rete eects iste aerate tee ote « 2, 002 2, 590 3, 450 4, 590 6, 110 8, 140 

DICER VNORELOAG aoc cine cio aae so Rte Meds ore th 11, 574 15, 400 20, 530 27, 350 36, 400 48, 500 

MCORP ACLOK Wye 6 oe Sayin Ae wig al fysceldia so hT a acetone 66. 0 68. 0 68. 0 68. 0 68. 0 68. 0 
PSA-9: 3 

Peak eran teva e c car ac be cigis Cees tease © aio sees 6, 625 9, 750 13, 310 18, 220 24, 980 34, 310 

Energy fOruOad f5 006 ccs eb ed as Pasleelsch » 40, 925 59, 300 81,000 110,900 152,400 209, 800 

Load Bactors core. waie tye ier os ae wie kta 62 thes tel 70. 5 69. 4 69. 5 69. 5 69. 6 69. 8 
PSA-10: 

Peaks Demand oi aris eects: Pte sar ae. ersierwrerate sa thtls 2,213 3, 020 4,010 5 SUG 7, 080 9, 410 

Energy forslioad t acs.icneya ole cielo sie etege. ot storetcts) «rs 13, 770 18, 300 24, 400 32, 500 43, 300 57, 700 

Woad actor 7p tetas cts cack eka Tee 6 69. 2 69. 2 69. 5 69. 7 69. 8 70. 0 
PSA-11: 

PGA EL ENANG oeies ase yiatieedS oie iene a nice ake 7, 145 9, 900 13, 250 17, 600 23, 400 30, 600 

PnersylOra:0ad § era. eee aos es ee 39, 807 56, 210 75,900 102,000 137,000 181, 000 

HoadtHactors( cates crete ete. 63. 6 64. 8 65. 4 66. 2 66. 8 67.5 
PSA-12: 

Peak Demand. 3icponc tia he eae uae 8, 149 11, 500 16, 000 22, 000 30, 000 41, 400 

BEOEC RVs 1Ot OAC | Se ile wen Di, eg aS eid ie 45, 640 63, 120 88,900 123,000 169, 000 233, 200 

BZOAC PAC IOI ess Lambs fh Spel nad Cin ia acne 63. 9 C257 63. 4 63. 8 64. 3 64. 3 
PSA-19: 

POR LOINARG ft eR noe Aeris be ciyice ieee 964 1, 770 2, 470 3, 470 5, 280 7, 490 

MANCTHY LOK LOA contre niall e ive aieuhe nce tian tee e 4, 897 8, 770 13, 080 18, 080 27, 080 38, 080 

LOA ALLOD Oy ar ee ee soda phere 58. 0 56. 6 60. 5 59. 5 58. 5 58. 0 
Total East Central: 3 ae * 

Beak Demand its sick Seat ee» ons ok cb este 31,106 | 43,670 59,150 79,830 108,100 145, 950 

ECE LOPE OAC cae otis ee ors aio kas 2 eee 180, 498 | 252,200 344,210 466,430 633, 580 857, 180 

GAG, ACCOR nce ree Be aed eed Sin sw 66.2 65. 9 66. 4 66. 7 66. 9 67.0 


demand and energy in PSA-7 should be increased to 5,570 
MW and 33,200 million kWh for 1970, 7,510 and 46,800 


1 Actual usage. 
2 Summer peak. 


3 Does not include the AEC load. 
4 Non-coincident yearly peak. 
5 The most recent studies indicate that estimates of peak 


through the summation of the individual responses. 
After preliminary projections were completed, the 
utilities were advised of these proposed projections 
and basic agreement was reached in each PSA as 
described below. 


Load Forecasts by Power Supply Areas 


(See Exhibit I.1 for location of the PSA’s.) 
PSA-7—The response to the questionnaire cov- 
ered 98% of this area and incorporates a compound 


for 1975, 9,730 and 60,400 for 1980, 12,700 and 78,200 for 
1985, and 16,600 MW and 102,000 million kWh for 1990. 


growth rate of 5.3%. (Subsequent data indicate 
that this figure should be increased to 6.0% to re- 
flect new power requirements. ) 

PSA-8—The response to the questionnaire cov- 
ered 98% of this area and incorporates a 5.9% 
growth rate. 

PSA-9—The highly specialized load of the Atomic 
Energy Commission (AEC )is located within this 
area and, because of its unique characteristics, the 
Task Force elected to present this load as a special 
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entry. The questionnaire response covered 95% of 
the area. The Task Force’s recommendation in- 
corporates a growth rate of 6.7%, excluding AEC. 

PSA-10—The response to the questionnaire rep- 
resented about 98% of this area and incorporates a 
growth rate of 5.9%. 

PSA-11—The response to the questionnaire rep- 
resented about 98.5% of the load served in this 
area and indicated a growth rate somewhat less than 
that in neighboring power supply areas. Examina- 
tion of past trend data for PSA-11 anda review of 
growth rates in adjacent areas resulted in the Task 
Force’s development of a preliminary load growth 
rate of 6% per year. After a further survey of the 
utilities in this area, approval was received for the 
modified estimate and an average 6% growth was 
adopted by the Task Force. 

PSA-12—The response to the questionnaire rep- 
resented approximately 85% of this area and the 
Task Force recommended a compound growth rate 
of 6.5%. 

PSA-19—The response to the questionnaire rep- 
resented 96% of this area. Examination of past 
growth rates and knowledge of the area resulted 
in the Task Force recommending a compound 
growth rate of 7.6%. 


Annual Power and Energy Projection 


The projected peak demands, energy for load, and 
load factors for the East Central Region through 
1990, as well as the actual usage in 1965, are indi- 
cated in Exhibit II.1. These data, listed by PSA’s, 
do not include the AEC’s gaseous diffusion plant 
near Portsmouth, Ohio (PSA-9). The total peak 
demand for each time period is the sum of the peak 
demands for all PSA’s, and, therefore, is the non- 
coincident peak demand for the region. 

Exhibit II.1 shows an increase in peak demand 
from 1970 to 1980 of 1.83 times, an increase from 
1980 to 1990 also of 1.83 times, and an overall 20- 
year increase of 3.34 times. The 20-year projection 
of loads for the region results in an indicated growth 
rate in demand of 6.26% compounded, as shown 
by Exhibit II.2. If the AEC load were included, its 
relative size and expected growth would have rela- 
tively little effect on the indicated percent com- 
pound growth rate. 


Also, Exhibit IT.1 shows an increase in energy 
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100 
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YEAR 


use from 1970 to 1980 of 1.85 times, with a further 
increase of 1.84 by 1990. This represents a growth 
rate of 6.3% annually, as indicated by Exhibit IT.3. 
The load factor for the region is projected to im- 
prove slightly from 65.9% in 1970 to 66.4% in 
1975 and further to 67% in 1990. 


Information concerning the Atomic Energy Com- 
mission’s gaseous diffusion plant near Portsmouth, 
Ohio, was received from the New York Office of the 
Federal Power Commission and includes an estimate 
of probable future power requirements. This plant, 
which basically was designed for a peak load level 
of 1,800 MW, started full production in 1955 with 
a peak load of 2,031 MW, reached maximum pro- 
duction in 1956 with a peak load of 2,142 MW, and 
had been operating above 1,800 MW until 1965. 


‘The 1965 and future load data, listed in Exhibit 


II.4, indicates that the AEC plant will resume full 
operation by about 1975 and its demand will in- 
crease to a maximum of 2,350 MW by 1980, remain- 
ing at this magnitude thereafter. 

The Task Force felt that this load should be 
shown as a separate item rather than be included 
as a normal utility load in PSA~9, thus facilitating 
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100 


a more meaningful comparison of load data among 
PSA’s and among regions. 


Classification of Energy Requirements 


The estimated future energy requirements of the 
East Central Region are classified by customer 
groups in Exhibit II.5. Data are presented each 


EXHIBIT 11.4 


Power Supply Area 9—Atomic Energy Commis- 
sion’s Past and Estimated Future Power 
Requirements 


Sales to Losses Energy for Peak 
Year AEC (million system demand 

(million kWh (million (MW) 

kWh) kWh) 

Wels e dem ose 10, 510 318 10, 828 1, 207 
1o70 eee. 4, 190 110 4, 300 500 
NOT Scars. 15, 090 390 15, 480 1, 800 
[O80 28. Ae 19, 700 510 20,210 2,350 
19855 ae se 19, 700 510 20, 210 2, 350 
O00 ys 19, 700 510 20,210 2, 350 


fifth year from 1965 through 1990 for each PSA. 
Again, the AEC Portsmouth area load is excluded 
from PSA-9. 

Of the total energy consumption in 1970, 26% 
is for rural and residential use, 16% for commer- 
cial, and 54% for industrial use; the remaining 
4% being for all other use including street lighting 
and electric transportation. To the total consump- 
tion of approximately 232 billion kilowatthours are 
added some 21 billion kWh for losses, which ac- 
count for 8.2% of the resulting energy for load. 
This loss figure is an approximate estimate and is 
not based on any precise calculation. 

The 1990 estimated energy requirements indi- 
cate approximately the same share of consumption 
among the various classifications as the 1970 figures. 
Again 26% of total consumption is for rural and 
residential use, 18% for commercial, and 53% for 
industrial use. The remainder is 3% and assumes 
no growth for electric transportation. If studies cur- 
rently in progress should result in the adoption of 
new railroad electrification and the expansion of 
rapid transit systems, the latter projection could well 
be in error. The total energy for load in 1990 is 
estimated to be about 857 billion kWh, of which 
8.1% is for losses. The percentage loss is necessarily 
the result of an arithmetic extrapolation and does 
not represent a precise determination. 

The range of rural and residential consumption 
among the PSA’s for 1970 is 23% to 35% 
with PSA’s 7, 8 and 9 at the lowest and PSA-19 
at the highest level. Commercial consumption 
ranges from 12% in PSA-9 to 19% in PSA-11. 
Industrial consumption is highest at 62% in the 
Ohio River Valley (PSA-9), followed by PSA-10 
at 59% and PSA-7 at 56%, with the lowest being 
PSA-19 at 44%. 


Load Diversity Within the East Central Area 


Possible differences in load shape, i.e., the varia- 
tion of load with time, that may exist from system 
to system within the East Central Region were not 
examined by either the FPC or by the Load Projec- 
tion Task Force. However, an analysis has been 
made of the diversity which has existed among the 
19 systems comprising the membership of the East 
Central Area Reliability Coordination Agreement 
(ECAR). (Refer to Chapter VII for the systems 
comprising ECAR.) This study was made for the 
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East Central Region—Estimated Future Power Requirements 


EXHIBIT 1.5 


[Millions of kilowatt-hours] 


Rural and Commer- Street and __ Electric Total con- Energy 
PSA residential cial Industrial highway  transpor- All other sumption Losses for load 
lighting tation 
1965! 
Per Gie BRS eee 5, 222 3, 948 T2502 148 60 182 22, 077 1, 808 23, 885 
8 Bio cele auctorenotaue 2, 499 2, 057 DOO} 143 27 342 10, 719 855 11, 574 
OR et Ss 8, 743 4, 484 23,517 260 3 830 37, 837 3, 088 40, 925 
LO aiarksvortdes ere sis 3, 092 LO Th eh he Seon ee ne 143 12, 171 1, 599 13, 770 
LU RGA a scaoe se aoe 10, 237 6, 760 | Wey) 3/2 oe eee 1, 003 Sy Shy/ 3, 850 39, 807 
L2keke Serene ts Gee 12, 806 6, 777 20, 111 414 46 1,528 41, 682 3, 958 45, 640 
LO Sey ued cahagete oh 1, 879 716 1, 349 AG So Nis te Be 286 4, 278 619 4, 897 
Totalee. 6. 44,478 26, 252 88, 101 1, 440 136 44,314 164, 721 1597/7 180, 498 
1970 
f biaiegh S Ae Sed ae nee 6, 900 5, 230 16, 000 180 50 250 28, 610 2, 490 31, 100 
Sen te wo ee Bro 3, 360 2, 810 7, 450 170 30 420 14, 240 1, 160 15, 400 
DUS Sevier ted eee 12, 700 6, 400 34, 200 330% eee 1, 120 54, 750 4, 550 59, 300 
LOe rn ncctira? > eee 4, 200 2, 180 9, 730 80 ates sierate loxs 199 16, 380 1, 920 18, 300 
| Ns eh Ceo 15, 000 9, 710 24, 500 SUS ah) Mersey e ye 1, 300 51, 025 5, 185 56, 210 
LP Rese ich abtteie caala bys 16, 190 9, 560 29, 730 450 300 25.700 58, 660 4, 460 63, 120 
LO See ak eee 2, 842 1, 183 3, 545 GO NS5s eee 370 8, 000 770 8, 770 
otalesn.c- 61, 192 SOLS mE 2 OSLO 1, 785 110) 65350 5) 23 665 20, 535 252, 200 
1975 
Dee PRR a tse ace 9, 150 7, 030 20, 330 220 100 340 37, 170 3, 230 40, 400 
Gori etd enths aise ahs 4, 520 3, 860 9, 830 210 30 530 18, 980 P0900 20, 530 
QF Acad seater DRwe ie 17, 200 9, 100 46, 400 420 we esse skeen 1, 600 74, 720 6, 280 81, 000 
10:3 5 eee 5, 800 3, 050 12, 650 LOOM ancestor 250 21, 850 2, 550 24, 400 
Tice aig ee 19,980 13,400 33,250 710 * ee 1,700 69, 040 6, 860 75, 900 
1255 21, 300 13, 400 42, 900 570 30 =, 600 81, 800 7, 100 88, 900 
19Ee. 4, 057 1, 768 5, 576 BT Cer ae 444 hI 932 1, 148 13, 080 
‘Lotalaerenr 82, 007 51,608 170, 936 2, 317 160 8,464 315,492 28, 718 344, 210 
1980 
UB Scat creo cks OR ROE 12, 120 9, 460 29). 910 280 150 470 48, 390 4, 210 52, 600 
Bo ee bea tae 6, 080 5, 290 12, 960 260 30 660 25, 280 2, 070 27, 350 
feet a i dhe nai, 23, 500 13, 100 62, 870 S20 aes, 2 eee 2,250 102, 240 8, 660 110, 900 
LOW Ce ser cener a 8, 000 4, 350 16, 330 140 See cee 330 29, 150 3, 350 32, 500 
De eee eee 26, 950 18, 650 44, 600 B70 Aeration 2, 180 93, 250 8, 750 102, 000 
1 QUE take ace 29, 500 19, 700 58, 300 770 30 4,900 113,200 9, 800 123, 000 
AS acter ce Doo OD, BY 7, 429 UB I Pmevekenset cicy cca 557 16, 410 1, 670 18, 080 
Lotalatsce- 111, 905 73,102 228, 399 2, 957 210 11,347 427,920 38, 510 466, 430 
1985 
LES ee 16, 070 12, 710 33, 010 350 150 640 62, 930 5, 470 68, 400 
aed A Cae 8, 170 7, 250 17, 090 310 30 810 33, 660 2, 740 36, 400 
Dearne roi hes 32, 200 18, 700 85, 700 O00 saree csie ee 3,150 140,410 11, 990 152, 409 


See footnotes a+ end of table. 
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East Central Region—Estimated Future Power Requirements—Continued 


[Millions of Kilowatt-hours] 


Rural and Commer- Street and __ Electric Total con- Energy 
PSA residential cial Industrial highway  transpor- All other sumption _ Losses for load 
lighting tation 
1985—Continued 
LO gare tseeaty eek 11, 000 6, 200 21, 050 200 eee orlae 430 38, 880 4, 420 43, 300 
1 ea 4 & one eee 35, 700 25, 680 60, 300 LS. O85 ae eee 2,785 125, 550 11, 450 137, 000 
Dio COs jen. 42, 300 27, 000 78, 500 870 30 6,800 155,500 13, 500 169, 000 
1 Ne cog Feeech cae ren hes 8, 545 4, 182 10, 849 167s ee 726 24, 469 2,611 27, 080 
sLotalearinee 153,985 101,722 306,499 3, 642 210 15,341 581,399 52, 181 633, 580 
1990 

DT Ee Rote es 21, 300 17, 090 41, 950 430 150 870 81, 790 7, 110 88, 900 
Te. dni note Ena 10, 980 9, 930 22, 530 380 30 ~=—s- 1, 000 44, 850 3, 650 48, 500 
eT bipein e aa eee 44, 000 26,500 117,450 820 Pe sen 4,460 193, 230 16, 570 209, 800 
LOM Laie: 15, 000 8, 900 27, 150 270M oe ee 560 51, 880 5, 820 57, 700 
12 6a bn onaeh eee he 47, 100 35, 000 79, 350 T3505 eee cee: 3,500 166, 300 14, 700 181, 000 
Va ceucSiceeoes CRER Se tas 58, 500 36,000 110, 500 1, 170 30 9,000 215,200 18, 000 233, 200 
ORR E ae, ec il, 7 P48} 5, 809 15, 685 22S ee 874 34, 319 3, 761 38, 080 
aOtaleeaene 208,608 139,229 414,615 4, 643 210 20,264 787,569 69, 611 857, 180 


1 Actual usage. 
2 Excluding atomic energy load. 


5-year period 1962 through 1966 using the com- 
puter program developed hy the Edison Electric 
Institute. Figures quoted in this discussion have 
been taken from the results of that study. 

These figures are believed to be quite representa- 
tive of the entire East Central Region because the 
19 ECAR systems supply approximately 95% of 
the total electric energy requirements of the region. 
Furthermore, the systems not included in the analy- 
sis are believed to have characteristics similar to 
those of the ECAR systems. Thus they would have 
negligible effect on the load diversity within the 
region. 

Load diversity is defined as the difference between 
the sum of the independent peak loads of systems 
or areas being considered and the coincident peak 
loads of the combined systems or areas for any 
specified period of time. This difference is expressed 
in kilowatts or in percent of the coincident peak 
load. For example, the daily diversity among a 
number of systems for each day is the difference 
between (1) the sum of the independent peak loads 


of each system regardless of their hour of occur- 
rence, and (2) the sum of the loads of all systems 
during the hour of maximum coincindent demand. 
In addition to daily diversity, commonly used terms 
include monthly and annual diversity, the latter 
often being called seasonal diversity. 

Diversity among systems, when sizable and pre- 
dictable, can be used in various ways to improve 
economy. Annual diversity, if it can be predicted 
sufficiently in advance with an adequate degree of 
accuracy, can help reduce the total installed capac- 
ity requirements of the systems involved, provided 
adequate transmission capability exists. Monthly 
diversity might be useful for short term coordinated 
maintenance of generating plant. Daily diversity can 
contribute to efficient daily operation by permitting 
the interchange of economy energy. 

Annual diversity interchanges historically have 
taken place between systems in Region II and 
Region IV. Such transactions have reflected the 
winter peak load characteristic of some systems in 
Region II as contrasted with the growing summer 
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peak load characteristics of the systems in Illinois. 
Interchanges of this type may be expected to con- 
tinue in the future if the respective load patterns 
permit. 

An analysis of load diversity on a daily basis for 
the 19 ECAR systems shows less than 1 percent for 
approximately 80% of the total weekdays in the 
1962-1966 5-year period and greater than 2% on 
only 2 such days. 

The monthly load diversity, illustrated by Exhibit 
II.6, was less than 2 percent approximately 80% of 
the time and it exceeded 3 percent only 2 months 
during the 5-year study period. The monthly load 
diversity during the peak load month was always 
less than 1 percent with a minimum value of about 
0.3% occurring in December 1965. The annual 
load diversity, also indicated by Exhibit II.6, ex- 
ceeded 2 percent two of the 5 years, ranging from 
approximately 1.5% in 1963 to 4.2% in 1964, with 
the coincident peak occurring in December in each 
of the 5 years. The practically random nature of the 
annual and monthly load diversities illustrated by 
Exhibit II.6 points up the difficulty of predicting 
these values with useful accuracy. 

The daily load shape of the region provides some 
insight regarding the low values of daily diversity 
within the region as well as the minimal opportu- 
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EXHIBIT IL.7 


HOURLY COINCIDENT DEMAND 
FOR THE WINTER PEAK DAY 
AMONG ECAR SYSTEMS 
1962-1966 


HOURLY COINCIDENT DEMAND 
FOR THE SUMMER PEAK DAY 
AMONG ECAR SYSTEMS 
1962-1966 


nities for interchange with other regions. Exhibits 
II.7 and II.8 show the hourly coincident demand 
versus time for the winter peak day and the summer 
peak day, respectively, for each of the 5 years 
1962-1966. These curves are consistently “flat,” 
particularly during the summer daytime peak 
hours, showing little load variation over a period 
of 4 to 8 hours. Since adjacent areas have shown 
similar load characteristics, there appears to be 
little, if any, opportunity for daily diversity 
exchange. 

The annual load shape of the region, which con- 
tributes to the annual or seasonal diversity, is indi- 
cated in Exhibit II.9. This is a plot of the monthly 
coincident peak loads for the ECAR systems for the 
1962-1966 5-year period. The pattern from year to 
year is not particularly consistent, except that the 
annual peak for the region has occurred in Decem- 
ber for each of these years. 

Four of the ECAR systems, excluding the Ohio 
Valley Electric Corporation (OVEC) which serves 
the AEC Portsmouth area load, experienced sum- 
mer peaks in 1962. By 1966 the number had reached 
nine, and by 1968 many of the remaining winter 
peaking systems were exhibiting a trend toward be- 
coming summer peaking systems. The coincident 
annual peak day for the 19 ECAR systems occurred 
during the summer for the first time in 1968. The 
summer peak day load exceeded the following win- 
ter peak day by slightly more than 1 percent. Pre- 
liminary operating data indicate that there was es- 
sentially zero diversity for the summer peak hour. 
Analysis of weather conditions for 1968 indicates 
that the winter peak could have exceeded the sum- 
mer peak had the weather conditions experienced 
during January 1969 occurred during December 
1968. It may be noted that this apparent trend 
toward a summer peak in the East Central Region 
developed significantly after the compilation of the 
Load Projection Task Force questionnaire in May 
1967 and therefore may appear to be somewhat con- 
tradictory to the projections given in the Task Force 
report. This illustrates the difficulty in projecting 
seasonal load characteristics. 

The sensitivity of power system loads to tempera- 
ture appears to be increasing, both within the sum- 
mer and winter periods, and a positive trend toward 
a composite winter peaking or summer peaking sys- 
tem cannot be ascertained in all cases from present 
data. Thus, the variable nature of the diversity 
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pattern in terms of both time and amount, as well 
as the minimal magnitude of the diversity within 
the region, indicates quite strongly that the area 
cannot expect to take advantage of diversity when 
planning its resources. However, it will continue to 
take full advantage of whatever diversity might be- 
come available on a short-term basis. 


Principal Load Centers and Growth Patterns 


To supplement the overall projections of future 
power requirements and provide a basis for for- 
mulating possible patterns of generation and trans- 
mission, each PSA of the East Central Region has 
been subdivided into general but more localized 
load areas. Exhibit ITI.10 lists the annual peak de- 
mands experienced by these load areas in 1960 and 
1965, and indicates the projected demands for 
1970, 1980, and 1990. The total demand for each 
PSA is the same as indicated in Exhibit II.1 for 
any given year. These load areas are coded with a 
map number and are indicated on a map of the 
region for each of the years 1965, 1970, 1980, and 
1990 (Exhibit II.11). To help visualize the grow- 
ing concentrations of load, the areas are indicated 
by a circle the size of which is keyed to the size of 
the peak demand. 
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These maps and tables have been prepared 
jointly by representatives of the FPC Regional Of- 
fices and members of the Task Force. 

The identification of demands in general load 
areas in Region II is based on historical data con- 
tained in FPC Forms 1 and 12 as reported by major 
utility systems. These data were expanded to in- 
clude all utility systems within the region. Generally, 
load areas include larger geographic areas than the 
community names might indicate. 

Generation by industrials for their own use has 
not been included in the maps or tables. 


Conclusion 


This chapter has presented in various forms the 
future power requirements of the East Central Re- 
gion. In addition to presenting a projection of these 
requirements through the year 1990, it has included 
tables and illustrations to help visualize the space 
dimension or geographic distribution of load 
throughout the region. 


The following conclusions highlight the various 
sections of this chapter. 

1. In developing the future power requirements 
of the region, the Load Projection Task Force 
utilized the collective judgment and diversified 
methods of all major utilities, municipals, and 
power supply cooperatives within the region by 
soliciting by questionnaire their estimates of future 
load growth. Any users of the data presented herein, 
however, should weigh carefully the effects of pos- 
sible variations in these load developments. 

2. Both the peak demand and energy for the re- 
gion are envisioned to increase at a compounded 
annual rate of 6.3%. 

3. The East Central Region is very heavily indus- 
trialized, with industrial energy consumption aver- 
aging 53 to 54% and ranging as high as 62% of 
total energy consumption in one PSA. 

4. Load diversity within the region is insufficient 
in magnitude and too variable in nature to be used 
in the long-range planning of system development. 
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EXHIBIT 11.10 


East Central Region—Estimated Annual Peak Demands by General Load Areas (Megawatts) 
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EXHIBIT tl.10—Continued 


East Central Region—Estimated Annual Peak Demands by General Load Areas (Megawatts)—Con. 


Ma ; 
PSA N of General load areas 1960 1965 1970 1980 1990 
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EXHIBITI.11 


Bast Central Region 
Estimated Annual Peak Demands 


by Load Centers (Preliminary) 
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EXHIBITIL.II 
(Cont) 
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East Central Region 
Estimated Annual Peak Demands 


by Load Centerg (Preliminary) 


1970 
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EXHIBITI.|II 
(Cont.) 


East Central Region 
Estimated Annual Peak Demands 
by Load Centers (Preliminary) 
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EXHIBITIL.II 
(Cont.) 
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East Central Region 
Estimated Annual Peak Demands 


by Load Centers (Preliminary) 


1990 

Key 
Under 500 t ,00 Over 
500 Mw 1,000 Mw 3,000 Ma 3,000 Mw 


ere Yer tt ) 


Power Supply Area - 
U 


CHAPTER Iil 
FUELS 


The purpose of this chapter is to review the 
fossil-fuel resources and anticipated requirements 
in the East Central Region in the light of projected 
electric energy needs to 1990. The discussion that 
follows is based in part on a report, in process of 
publication, entitled “Fuel Resources, Requirements 
and Costs for Electric Generation In Eastern United 
States,’ which was prepared in early 1968 by a 
special Fossil Fuel Resources Committee (Fuels 
Committee) made up of representatives of the 
Northeast, East Central and Southeast Regional 
Advisory Committees. That report’s projections have 
been modified here, where necessary, to reflect the 
most current thinking of the East Central Region 
utilities regarding their future energy requirements 
and the rate of introduction of nuclear generation 
vis-a-vis coal-fired generation those 
requirements. 


to meet 


General Discussion 


The East Central Region encompasses some of 
the largest concentrations of medium- and high- 
volatile bituminous coal in the United States (Ex- 
hibit III.1). Historically, this area has furnished the 
vast bulk of fuel for electric power generation 
within the region and, in addition, has been a major 
supplier of coal to utilities in the eastern and south- 
eastern areas of the country. Reference to Exhibit 
III.2 shows that for the year 1967, over 90% of 
the coal shipped to electric utility plants in the 
states comprising the East Central Region originated 
from within the region. The balance came from 
contiguous areas in Pennsylvania and Illinois. Ap- 
pendix III-A defines these originating bituminous 
coal districts. 

Concern with the need for cleaner air and re- 
sulting legislation in this regard at federal, state, 
and local levels, together with a growing acceptance 
of nuclear generation as an economic alternative 
to fossil-fired plants, has had a marked effect on 
utility projections of future fuel sources for electric 
energy production in the nation. The 1964 Na- 


tional Power Survey, as pointed out in the Fuels 
Committee report, forecast that by 1980, 10% of 
the electric energy produced in the United States 
would be from nuclear plants. The Fuels Commit- 
tee report shows that for the three regions covered 
by its study (Northeast, East Central, and South- 
east), nuclear power is expected to account for 
approximately 46% of the total electric energy 
generated in the year 1980 and 65% in the year 
1990. The corresponding figures for the East Cen- 
tral Region alone are given as 31% and 49%, re- 
spectively. A more recent survey of major utilities 
in the region indicates a somewhat lesser but still 
significant amount of nuclear generation in 1980 
of about 24% with the same amount as projected 
in the Fuels Committee Report for 1990 (Exhibit 
Liles): 

The substantially lesser role of nuclear power an- 
ticipated in the East Central Region as compared 
with the other two regions reflects the greater eco- 
nomic attractiveness of coal as a fuel source as well 
as an expectation that the air pollution problem 
can be ameliorated appreciably in the future. The 
latter is now being accomplished to some extent by 
the use of low-sulfur coal where practicable and 
available so as to minimize the emission of sulfur 
dioxide from power plants, the widespread use of 
highly efficient precipitators to remove substan- 
tially all solid material from the flue gases, and the 
increasing use of tall stacks of 800 to 1,200 feet 
in height to provide better flue gas dispersal. By the 
mid to late 1970’s it is hoped that practical and 
efficient desulfurization techniques may be avail- 
able to reduce sulfur dioxide emissions into the 
atmosphere. This entire subject is discussed in 
greater detail in Chapter IX. Air pollution abate- 
ment, regardless of the method employed, may 
have the effect of increasing power generation costs 
significantly. 

The use of low sulfur coals, i.e., 1% or less of 
sulfur, for power generation will be limited in the 
future by the fact that coal of this type is essentially 
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EXHIBIT II.! 
COAL FIELDS OF THE UNITED STATES 
(EAST CENTRAL REGION SHOWN IN OUTLINE) 


LEGEND 
["] Lignite 

= J Subbituminous coal 
WA Medium- and high-volatile 


bituminous coal 


XG Low-volatile bituminous coal 
acer Anthracite and semianthracite coal 


EXHIBIT II.2 


Shipments of Bituminous Coal to Electric Utility Plants in East Central Region (By Districts of Origin 
and States of Destination) Year 1967 


[Thousand net tons] 


Districts of origin 


State of destination 


Total 1 2 3 & 6 4 7 8 9 10 11 

CO) eid 26 od oebaitis Cer oO iene 30, 086 220 5155 2A0 Ni ae tf Ok Peg ov opas ae, Olan Uae tenes 
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Total East Central.... 108,319 2,458 8,476 9,573 30,872 760 20,176 18,393 6,293 11,318 


Note.—This exhibit is based on Table 8 of the Fuels of the States of Virginia, Pennsylvania, and Maryland. 


Committee report, modified to include pertinent portions 


culties or incurring high capital costs for furnace 


found only in the southwestern Virginia, southern 
modification. This again emphasizes the need and 


West Virginia, and eastern Kentucky coal fields 


and will continue to be in high demand by the 
metallurgical industry. Also, coal of this type is not 
sufficiently available in itself to meet present or 
future generation requirements. Furthermore, low- 
sulfur coal in some instances cannot be burned in 
existing furnaces of generating units designed for 


importance for developing an effective means of 
sulfur dioxide removal from flue gas. 

Although substantial growth in nuclear genera- 
tion in the East Central Region is forecast for the 
period 1970-1990, the use of coal is expected to 
increase appreciably during that period, as shown 


other types of coal without creating operating difh- in Exhibit IITI.4. 


EXHIBIT [11.3 


Electric Generation by Type of Fuel and Hydro Power—East Central Region 


1966 1970 1975 1980 1985 1990 
Billion Percent Billion Percent Billion Percent Billion Percent Billion Percent Billion Percent 
Kwh Kwh Kwh Kwh Kwh Kwh 
Thermal generation: 

OT ED a Wied OES Siti 199.7 98. 2 244.2 96.9 279.9 81.4 348.9 74.8 371.3 f 58. 6 428.1 49.9 

OT eee re eee 72 aE .3 | sul Pree nee =) | aces ai Ran eas es Ap Te eens fe) 
Gans ee ae 8 eke 2 oil A el 2 ee ee 3 Atl 4 ras 5 rd 

IN Cl6ar sae oe cena 9 4 4.3 1.8 57.5 16.8 110.0 23.6 254. 0 40.1 420.1 49.0 
Internal combustion. --.-- 1 if 4 aul -6 aul 5 Ail ne a 1.7 we 
Otel peers sae seo St 201.1 98.9 249.6 99. 0 338. 3 98.3 459. 8 98.6 626. 6 98.9 850. 6 99. 2 
Hydro generation: * 
Conventional. ......-.---- 18 ‘. ay 2.4 9 2.6 7 2.6 6 Pie 4 2.6 C3 
Pumped storage_-_------- 4 Ave 2 1 3.3 1.0 4.0 8 4.3 if 4.0 6 

A Rie) De ee 2.2 ish 2.6 1.0 5.9 id, 6.6 1.4 7.0 VoL 6.6 8 
Total generation-_--_-.--- 203. 3 100. 0 252. 2 100. 0 344, 2 100. 0 466. 4 100.0 633, 6 100. 0 857. 2 100.0 


NotTE.—This exhibit is based on Table 3 of the Fuels Committee report, the rate of introduction of nuclear power. 


modified to reflect more recent projections of energy requirements and 
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EXHIBIT Ill.4 


Coal, Oil and Gas Fuels for Electric Generation—East Central Region 


{Quantities of coal are in 108 tons; of oil in 108 bbls; of gas in 10? MCF. Equivalent tons are in 10®,] 


1966 1970 1975 


1980 1985 1990 


(Quantity Equivalent Quantity Equivalent Quantity Equivalent Quantity Equivalent Quantity Equivalent Quantity Equivalent 


tons tons 


East Central: 


tons tons tons tons 


Coalss==-5—= 82.3 82.3 99.7 O07 112.0 112.0 135. 5 135. 5 144.0 144.0 166. 3 166. 3 
OU eee .3 aa a) qu Aen oe ee 72, ease eee .3 =pl .3 sil 
Gas estes 2.0 8 3.8 2 1.8 ott 2.8 opt 3.8 2) 4.8 we 

Totals gs-8- 282 eee 83,12 seer = 100; Opa"es2e— = bb Ee eee 13636 "Soares 1440352222 eeeee 166.6 


Note 1.—This exhibit is based on Table 5 of the Fuels Committee 
report, modified to reflect more recent projections of energy requirements 
and the rate of introduction of nuclear power. 


This exhibit indicates that coal requirements for 
power generation are expected to about double from 
the reference year 1966 to 1990, even though the 
relative position of coal in total energy generated is 
predicted to decline from about 98% in 1966 to 
about 50% in 1990. These relationships, in terms 
of percentages of total energy generated in the re- 
gion, are shown in Exhibit III.5. 

The use of oil and gas for power generation has 
always been minimal in the East Central Region 
and is expected to remain of negligible significance 
in the future (Exhibits III.3 and III.4). This, of 
course, reflects the abundance of coal and its avail- 
ability at substantially lesser cost. Similarly, because 
of the small amount of undeveloped hydro in this 
region, hydro will continue in the future to have 
a relatively minor effect on fossil or nuclear fuel 
requirements. 


Fossil Fuel Reserves 


The nation’s known reserves of coal of the type 
commonly used are more than adequate to meet 
the needs of the electric utilities and other con- 
sumers well beyond the year 1990. Coalbearing for- 
mations are widely distributed throughout the na- 
tion (Exhibit IJI.1). On the basis of calorific value, 
about 55% of the total reserves are east of the Mis- 
sissippi River. 

The Appalachian region contains the largest re- 
serve of high-quality, high-rank coals in the United 
States. The estimated total remaining reserve of 
bituminous coal in the region is 259,000 million tons 
(129,500 million tons at 50% recovery) of which 
approximately 84% is high-volatile, 9% medium- 
volatile, and 7% low-volatile. These coals generally 
have low moisture, and high calorific values that 


NovTE 2.—Fuel quantities are based on kilowatthour generation by 
fuels and assumed weighted average heat rates (Btu per kWh) of 10,300 
for 1966; 10,200 for 1970; 10,000 for 1975; and 9,710 for 1980 through 1990. 


range between 12,500 and 14,500 Btu per pound. In 
addition to these Appalachian reserves, approxi- 
mately 72,000 million tons (36,000 million tons at 
50% recovery) of coal reserves in Indiana and West 
Kentucky are located within the East Central 
Region. 

The Appalachian Region is the nation’s store- 
house of high-grade coking coals. Notwithstanding 
heavy demands on these coals for the coke ovens of 
the American steel industry (to which much of it is 
committed for the future through captive owner- 
ship), the coking coal reserves of this region are 
more than adequate to meet all foreseeable demands 
of the metallurgical coke industry. Generally, these 
coals are also excellent for electric utility plants 
where air pollution is a problem, although their 
costs are appreciably higher than lower-grade coals 
conventionally used for steam power generation, 
and their availability in the future will be limited. 

As air pollution becomes a matter of increasing 
concern throughout the nation, the minimum re- 
serves and availability of lower sulfur coals are of 
prime importance to the coal and electric utility in- 
dustries, and also to the general public. In addition 
to problems of availability resulting from shifts to 
lower sulfur coal and changes in burning facilities, 
substitutions generally will mean increased costs of 
coal, as lower sulfur coals are in higher-cost mining 
areas and, in general, at greater transportation dis- 
tances than coals conventionally used for electric 
generation. This problem may be significantly re- 
lieved, as referred to above, with the development 
of practical commercial processes for the reduction - 
of sulfur in coal and the reduction or removal of 
sulfur dioxide from stack gases. 

Exhibit III.6 gives estimates of coal reserves by 
percent of sulfur content for the states encom- 
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EXHIBITS =—s passed wholly or in part by the East Central Region. 

SAN GV ag As previously indicated, the low-sulfur coals (1% 

PERCENT ENERGY GENERATED BY TYPE OF FUEL & ; : 

HYDRO POWER or less) are concentrated in the southwestern Vir- 

ginia, southern West Virginia, and eastern Ken- 

ZY tucky coal fields and constitute 25% or less of the 

estimated reserves. The approximate weighted aver- 

age of sulfur content for coal reserves in these states 

is about 2.2%. (The average sulfur content of coal 

used by all electric utilities in the United States in 
1964 was 2.3%.) 

By the way of rough comparison, the total re- 
serves shown in Exhibit III.6 are 60 to 70 times 
greater than the tonnage required to take care of 
the approximately 65 million kW of coal-fired gen- 
eration projected in the East Central Region for in- 
stallation during the period 1970-1990. 

The mere availability of coal reserves, however, 
is not a sufficient basis for their remaining an eco- 
nomical fuel alternative for power generation. Some 
of the factors affecting the choice of coal as a future 
fuel, particularly as related to air pollution, have 
already been mentioned. Additional, of course, is 
the question of price and price stability, including 
transportation costs. The choice between fossil 
and nuclear generation in the East Central Region 
will continue to rest to a substantial degree on the 
competitive interplay between these two energy 
sources. 


YEARS 1966-1990 


Za, 


Fossil-Fuel Price Considerations 


An important factor contributing to availability 
of coal at competitive prices is the extent to which 
1965 i970 o78 raga ae aon new productive capacity is added to the coal in- 


EXHIBIT II1.6 


Preliminary Estimates of Coal Reserves Comprising States Wholly or in Part in East Central Region— 
January 1, 1965 


[Million net tons] 


Percent sulfur content 


State 
0.7 or less 0.8-1.0 1.1-1.5 1.6-2.0 2.1-2.5 2.6-3.0 3.1-3.5 3.6-4.0 Over 4.0 Total 

Bituminous coal: 

West: Virginia2-2 = _.----= 20,761.0 26,710.6 21,819.7 13, 290.6 8, 496. 1 2,491. 8 3, 147.4 5; O40) 2 Pe eee 102, 666. 4 
Kentucky: 

Bast papa ve de Seetaeee B 13, 639. 9 8, 491.9 2, 286. 8 1, 658. 8 1, 158. 3 2, 154. 4 PIS fe ahi Ba he OR A SR 29, 414. 8 
NEE tap di cs nt eee = A a i Oe 1,119.6 162. 0 336, 3 3,793.6  12,759.3 13,643.3 5, 081. 3 36, 895. 4 
Wirginiaseee = oo es 1, 981. 5 6, 077. 5 LGOtaly senses eae UD BUY eta ie Oph 1 go pear Spe oe ep a ee Ee 5 9, 820. 0 
andigna ot penne eee 197. 5 173, 0 3, 645, 2 4, 248.8 3, 543, 4 4,110.5 10, 872.8 5, 105. 9 2, 944. 0 34, 841.1 
Pennsylvaniaz. 22 .2220:.<2 44.0 1, 154. 4 7, 624, 4 12, 424.9 19, 689. 5 9, 995. 6 5, 287.6 1, 150. 5 580. 6 57, 951. 5 
bo tageg ewe Rese ees SS oe a ee ry es eA, rs, Re 124.6 191.8 208, 2 378. 6 56. 4 220. 4 1, 180. 0 
DN DCU Rg Se eg NE ie eh pe oe ee eh ee Ne ee tee Se oe be. 205: Oe ee eae 205. 0 
OO Tnig See a re ee 611.0 369, 0 2, 110, 2 2, 750. 4 7, 810. 5 9, 785. 3 10, 148, 2 8, 439, 4 42, 024.0 
Total bituminous.______ 36, 623.9 43, 218.4 38, 501. 8 34, 019. 9 36, 289, 7 30, 564. 6 42, 255. 7 36, 258. 5 17, 265. 7 314, 998. 2 
Note.—This exhibit is based on Table 6 of the Fuels Committee report, Source: Bureau of Mines, Department of the Interior, Information Cir- 


modified to include only those states wholly or in part within the East cular 8312. , 
Central Region. 
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dustry. Without question, considerable capital in- The coal industry during the past two decades 


vestment will be required in the future if the de- has contributed significantly to price stability in 
mands for coal in the production of electric energy fuel prices. This was brought about mainly through 
are to be met. This problem has two aspects, one extensive mechanization, and resulting increased 
related to the sheer magnitude of the future gross productivity, in the mining and handling of coal. 
tonnages to meet the power industry’s demands, Unfortunately, recent increased costs of an infla- 
and the other related to the growing amounts of tionary nature in materials and labor have begun 
coal required to supply specific power plant projects. to reverse this trend. This is confirmed by the re- 
The trend toward increased size of fossil-fired gen- sults of the Fuels Committee’s survey. Also, the need 
erating units and plants in order to achieve econ- for improvements in mine safety and toward the 
omies of scale, and the need to utilize fully the — reduction in occupational health hazards will fur- 
available plant sites, means large coal commitments. ther affect this price trend. 

For example, a generating plant with an aggregate Prices at which coal now and in the future will 
capacity of 3,000 MW, which can be considered _ be available in different areas vary depending upon 
reasonable in the future, will require an annual coal differences in mining methods and costs, coal qual- 
supply of approximately 7.5 million tons. For a use- ity, distances from point of mining to points of utili- 
ful life for each of its units of 30 years, this means zation, and many other factors. However, the 
an overall guaranteed supply of about 200 million principal components making up the price of deliv- 
tons. Such large plants in many cases must utilize ered coal are (1) the f.o.b. mine price, and (2) 
unit trains and other large-quantity coal move- transportation costs. Exhibit ITI.7, taken from the 
ments and they cannot be economically supplied Fuels Committee report, indicates the relationship 
from a large number of scattered mines. Relatively between these two factors and their trends during 
few coal mines in the country today have a produc- the period 1961-1966 for bituminous coal and 
tive capacity in excess of 5 million tons a year. As lignite for the United States as a whole and for 
a matter of fact, only five bituminous coal mines the three eastern regions of Continental United 
produced 5 million tons or more in 1967, and only States (referred to below as “Eastern’’). 

six additional mines produced over 3 million tons Exhibit III.8 shows the amount and cost of coal 
annually. The 50 largest U.S. bituminous mines consumed in 1966 by electric utilities in the East 
produced 135.9 million tons in 1967, which is an Central Region. 

average of 2.7 million tons per mine. To provide In its survey, the Fuels Committee solicited esti- 
assured sources of coal in the huge quantities re- mates from the utilities in the East Central Region 
quired in the future will require large capital in- regarding long-range cost trends in fossil fuels. The 
vestments in production facilities with long-term estimates exhibited wide variations, indicating the 
commitments for their output. difficulty in making such projections. The committee 


EXHIBIT Hl.7 
Trends in Coal Costs (1961-66) for United States and Eastern Regions 


Total production Average value f.o.b. | Average rail freight Average mine value 
(million tons) mine (per ton) rate (per ton) plus average rail 
(per ton) 
Year ——..——— eee er oOo 
United Eastern United. Eastern! United Eastern2 United Eastern 
States States States States 
TOG) separ oh ets eee cee a 403 336 $4. 58 $4. 64 $3. 40 $3. 45 $7. 98 $8. 09 
Re eV Render rharcdnts Aman tte 422 552 4. 48 4. 56 33Z 3. 39 7. 80 7.95 
L963 iei6 2) See eee 459 383 4. 39 4. 46 Sh Mil Py, Rs} 7. 60 7. 74 
19645 a 2yodn Geta ere 487 406 4.45 4. 52 3h ul 3. 16 T2256 7. 68 
LOG5.0e.. 2. erga he ree BY: 426 4. 44 4. 54 Sells a WY) Medi Th 1 
POGG cfr eo cron a eReRTORS 534 442 4. 54 4, 65 me) | 33.05 Ue 7. 70 


1 Excludes Illinois. 
2 Includes Illincis. 
3 Preliminary. 
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EXHIBIT III.8 


Coal Consumption and Costs for 1966 by 
Electric Utilities—East Central Region 


Coal Cost Cost per 
consumed perton 108 Btu 
States (000 tons) as as 
burned burned 
(cents) 
ORIG a) are sroiih nim .anre's 26, 645 $5. 23 22,4 
PNGIAMA docs, Gots es © 19, 506 4. 84 2105 
IMichivanerren sire L7so22 7. 33 P22), || 
WIESE Wigan c 5.6 castauc 10, 789 4,23 Wfats} 
Wentuckyeyme te cia « Poor a2 16. 3 
Virguntial cnet!) . aie 3, 062 4, 28 as 
Pennsylvania... 0. « 8, 414 4. 44 18.8 
Maryland iter. jue s os 950 4,56 IGE S 
Total East 
Central 
Région, 25255. 99, 445 Sel? 21o7 


Nore.—This exhibit is based on Table 10 of the Fuels 
Committee report, modified to include the pertinent por- 
tions of the states of Virginia, Pennsylvania, and Maryland. 


reported, however, that a generalized summation 
of those responses which were received indicated a 
relatively stable price, increasing from about 22.5 
cents per million Btu in 1965 to about 25 cents per 
million Btu in 1990. The achievement of these prices 
will constitute a considerable challenge which un- 
doubtedly must be met in the face of continued 
inflationary trends. 


Coal continues to be the largest single item of all 
railroad traffic. In the East Central Region, rail 
transport accounted for approximately 42% of all 
coal tonnage loaded at the mines in the year 1967. 
The balance was divided between shipments by 
water and truck. Exhibit III.9 shows this by coal- 
producing districts for the East Central Region. 

The development and use of the “unit train” has 
resulted in important cost reductions. The unit 
train, consisting of lightweight, large-capacity cars, 
carries up to 12,000 tons or more of coal on regular 
schedules between a single mine or group of mines, 
and a single power plant destination. An increased 
number of coal companies and utilities have in- 
vested in coal cars of their own to obtain the benefits 
of even greater rate reductions with unit train 
service. 

While unit trains provide trainload movements to 
many of the major electric generating plants at sub- 
stantially reduced rates, the “shuttle train” offers 
some of the more imaginative innovations in energy 
transportation that may contribute to lower fuel 
costs. The shuttle train is designed and operated 
solely to provide fast express service between a single 
coal mine and plant. It usually includes such fea- 
tures as large-capacity cars with locomotives at sev- 
eral locations within the train, loading and unload- 
ing in motion, and elimination of classification yards 
and layover points. 

Both the unit train and the shuttle train should 
result in additional reductions in costs for coal 
transportation over more conventional methods. On 


EXHIBIT Ill.9 


Shipments of Bituminous Coal to Electric Utility Plants, East Central Region (By Districts of Origin and 
Method of Shipment) Year 1967 + 


[Thousand net tons] 


Methods of shipment Percent 
Total 1 
East Central: 

PAL erarleem eee ta en neeueaiercre e 42 40,943 2,049 
River and ex-river.......... WAS) DE WOO ssn cane 
Greate Wakesmarricc. se els 14 13,703 192 
PrUCK RW ea arin teenie ine a LOS202 217 
ramiwaveyetcs2 aaa snes eens Vipehs 355'E. eee 

Total East Central....... 100 97,070 2,458 


1Source: Bureau of Mines, Department of the Interior. 
2 Tramway, conveyor, and private railroad. 


Districts of origin 


37616 4 7 8 9 10 1] 
234 ZIG 14,4229 .0 7) 6,178. 75,591, -5;,653 ~ 6,532 
SOLES a F022 me YO 72 97, 818 Sot 2.470 
7250). ORD SL EBIL NO | Sy eei7/ 276 249 519 
310 Slag: ENG PP 3 Soe An RE t55/ OSM ree 810 
Bagel CAE e” | ESR Lele Wea rnass sc alc Pee ane NORE eR PeNE er 986 
S250 9 OG2 aU, Cr 2 ar ooe Ly. 79! 16593" 6, 293.4 11318 


Nore.—This exhibit is based on Table 9 of the Fuels 


Committee report. 
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balance, however, freight rates will undoubtedly in- 
crease in the future if inflationary trends continue. 

The feasibility of moving coal in slurry form by 
pipeline was successfully demonstrated by the 108- 
mile pipeline from Cadiz, Ohio, to the East Lake 
Plant of The Cleveland Electric Illuminating Com- 
pany (CEI) which operated between 1957 and 
1963. The pipeline operation was discontinued 
when lower trainload rates for bituminous coal to 
all CEI plants, induced in part by the pipeline, 
rendered it economically unattractive. Presently 
under way in the Far West in connection with the 
Mohave generating plants in southeast Nevada, is 
a 275-mile long coal pipeline from northern Arizona 
which, studies indicate, will be competitive with 
rail transportation. 

The availability of the Ohio River and its major 
tributaries across large parts of the East Central 
Region will assure the continued importance of coal 
shipment by water in the overall pattern of coal 
transportation within the region. 


Mine-Mouth Power Plants 


The concept of locating power generating facil- 
ities at or near a coal mine, i.e., so-called mine- 
mouth plants, has received renewed attention in 
recent years. With technological advances in EHV 
transmission which permit transportation of power 
over greater distances, and with the further develop- 
ment of interconnected systems, the economic ap- 
plication of the mine-mouth concept has increased. 
The advantages of mine-mouth plants, in addition 
to their lower fuel costs, include frequently the 
opportunity to extend transmission facilities on an 
economical basis at an earlier date than it otherwise 
would be possible. This may permit the realization 
of further benefits of interconnection and transmis- 
sion development. Also, in some instances, mine- 
mouth plants, by their remoteness from metropoli- 
tan load centers, may lessen the air pollution prob- 
lem in such areas. 

On the other hand, mine-mouth generation for 
the supply of remote load centers cannot be re- 
garded as a generally feasible technical-economic 
means for providing such areas’ full energy require- 
ments. The cost and increasing difficulty of securing 
the additional transmission line rights-of-way, the 
need for the continued installation of generation 
near the load center to assure reliable and satis- 
factory system performance, and the need for such 
mine-mouth projects to compete with nuclear gen- 


eration and with alternative methods of fossil-fuel 
transportation, will have a limiting effect on such 
applications. In general, the transmission of electric 
energy from power plants located at or near the coal 
mines is one more form of energy transportation 
which will continue to compete with other trans- 
portation forms, such as railroads, in the future. 

Many utilities in the East Central Region, by 
virtue of their proximity to major coal-producing 
fields, have had a long history in developing power 
plants at or near the coal mines. One of the earliest 
of these ventures was the Windsor Plant, placed in 
operation in 1916-1918 and jointly owned by West 
Penn Power Company (Allegheny Power System) 
and Ohio Power Company (American Electric 
Power Company). The mine supplying the coal 
requirements for this plant was developed as an 
integral part of this project. A more recent develop- 
ment is the Muskingum River plant of Ohio Power 
Company (AEP) which, with a generating capacity 
of 1,495,000 kW, draws its entire coal supply from 
one utility-owned coal field with a utility-owned 
electric railway and a 41/2-mile belt conveyor system. 
There are several other instances of plants in the 
East Central Region in which the entire coal supply 
is furnished from one mining operation over utility- 
owned transportation systems. 

In addition, as indicated above, many of the 
power plants in the East Central Region, while not 
mine-mouth in the strict definition of the term, 
are in close proximity to coal-producing fields and 
depend on truck, rail or barge shipment from a 
number of coal suppliers within a short or relatively 
moderate geographical distance. Because of this 
proximity of coal to load centers in the East Central 
Region, as compared with many other areas of the 
country, power plants at or near the coal mines will 
continue to be a competitive force in the energy 
picture. 


Natural Gas and Oil for Electric Generation 


Natural gas as fuel for electric generation in the 
United States during the 5-year period from 1961 
to 1966 increased from 1.8 to 2.6 trillion cubic feet, 
an average annual growth rate of 7.4% for the pe- 
riod. This represents 14.6% of the total natural gas 
requirements of 17.8 trillion cubic feet in 1966. 

The amount of electricity generated in the East 
Central Region using natural gas as a fuel is rela- 
tively minor, as shown in Exhibit III.3, being only 
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0.1% of the total electric generation in 1966. While 
the amount of gas used in the East Central Region 
for electric energy production is estimated to in- 
crease from 2 billion cubic feet in 1966 to 4.8 billion 
cubic feet in 1990. (Exhibit III.4), the percent of 
total electricity generated from gas in 1990 is not 
expected to increase over the 1966 figure (Exhibit 
III.3). While natural gas may play an increasing 
role in the East Central Region as a fuel for firing 
gas turbine generating units and “stripped down” 


peaking plants, and in some instances as replace- 
ment fuel in older coal-fired boiler plants where 
the cost of air pollution control equipment cannot 
be justified, its overall use as a fuel for electric gen- 
eration is expected to remain relatively minor. 

Oil as a fuel for electric generation has an insig- 
nificant position in the East Central Region, com- 
parable to that of natural gas. Its role, as indicated 
in Exhibit III.3 is expected to diminish even further 
in the future. 
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CHAPTER IV 
SOURCES OF POWER SUPPLY 


The discussion which follows outlines the basic 
factors which enter into a determination of the type 
and mix of generating plant to be installed in the 
East Central Region in the future, the considera- 
tions affecting plant location, and possible trends 
in overall generation technology. The mix of pri- 
mary energy sources to meet expected demands 
within the region is a matter that will require con- 
tinual review every time a new generating unit or 


plant is committed. The type of capacity selected 


inevitably will reflect its economic competitiveness 
at the time of commitment as well as its anticipated 
role in meeting the system’s future energy needs. 
In addition, the state of the art, in terms of both 
air pollution and thermal effect, will influence sig- 
nificantly the choice of generation mix. The location 
of capacity, while constrained by site availability, 
load distribution, and transmission costs, will neces- 
sarily also conform to certain basic reliability 
considerations. 


Primary Sources of Energy Supply 


Fossil-Fired vs. Nuclear Generation 


The sources of power supply to the East Central 
Region historically have been based on coal-fired 
generation because coal is a major natural resource 
of much of this area, as described in Chapter III. 
The vast reserves of recoverable coal still available 
for power generation in this region will continue to 
provide a powerful economic incentive for the de- 
velopment of coal-fired plants in any projection of 
electric generation into the future. This is borne 
out by the possible patterns of future generation 
outlined in Chapter X. 

The fact that the electric power industry is coal’s 
largest customer, and that in some parts of this 
region the economy itself is inextricably tied to coal, 
further supports this conclusion. This assumes, of 
course, that coal can maintain its competitive posi- 
tion vis-a-vis other fuels. To date, and in the near- 
term future, this appears to be the case for a sub- 


stantial portion of the region. It also assumes that 
any adverse effect of stack gas emission can be 
controlled within acceptable limits by the use of tall 
stacks and, in the future, the application of sulfur- 
dioxide removal equipment. 

The unavailability and high cost of residual oil 
precludes its use as a major fuel for power genera- 
tion in this region, excepting in small quantities 
required for power plant start-up and occasional 
peaking and emergency use. Similarly, the lack of 
natural gas in the quantities required and at com- 
petitive prices will relegate it to a relatively minor 
role as a source of electric power generation. Except 
for its use in combustion engines and gas turbines 
designed for peaking operation at a relatively few 
hours annually, natural gas is not expected to become 
a major fuel for power generation in the future 
(Chapter IIT). 

Fossil-fired generation, i.e., essentially coal, will 
constitute approximately 92% of all capacity re- 
quirements, in terms of kilowatts, in the East Central 
Region in 1970. While nuclear generation will grad- 
ually take on an increasingly important role, it is 
estimated that in 1990 about 60% of all electric 
generating capacity will still be provided by fossil- 
fired plants. Exhibit IV.1 shows the relative roles of 
fossil-fired, nuclear, and other types of generation— 
largely hydro and pumped storage—projected for 
the years 1970, 1980, and 1990. This exhibit indi- 
cates, by type, both the additions and total installed 
amounts of generating capacity in each period, in 
percent. These relationships are further discussed in 
Chapter X. 

The rapid acceptance in recent years of nuclear 
generation by the power industry has found its 
counterpart in the East Central Region. For the 
3-year period 1966-1968, when the bulk of past 
commitments for installation of nuclear generation 
were made by the power industry, approximately 
58,000 MWe, or 47% of all new thermal generating 
capacity ordered in this country, was nuclear. Dur- 
ing the same period, utilities in the East Central 
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EXHIBIT IV.1 


Generating Capacity by Type in East Central, _ 


Region 
{In percent of total] 


1970 1971-80 1980 1981-90 1990 


Type in- additions total additions total 
stalled 
Bossilter se. 92 160 76 43 60 
Nuclear. 2 232 16 55 34 
@Otherae a 6 38 8 2 6 


1 Committed—24.2%. 
2 Committed—12.2%. 
3 Committed—6.3%. 


Region committed themselves to the installation of 
7,042 MWe of nuclear generation, constituting ap- 
proximately 49% of their total thermal generation 
needs. While this would tend to indicate an evolving 
pattern of generation expansion in the East Central 
Region very similar to that in the nation as a whole, 
future projections show substantial divergence from 
other areas, such as the northeastern and western 
sections of the country. For example, the report pre- 
pared by the Northeast Regional Advisory Commit- 
tee shows 58.4% of 1990 load requirements of the 
Northeast Region as being met by nuclear genera- 
tion. This compares with 34% for the East Central 
Region, as shown in Exhibit IV.1. The basis for 
this divergence is in large part due to the relatively 
weaker competitive position of nuclear-fueled gen- 
eration vis-a-vis coal-fired plants in this region. It 
also reflects the fact that in many instances the 
problem of air pollution, which undoubtedly is a 
strong factor favoring nuclear in certain densely 
populated sections of the country, is not quite as 
severe in many parts of the East Central Region. 
This results from the greater ability of utilities in 
this region to locate new power plants somewhat 
remote from congested areas, either in close prox- 
imity to coal supplies or with access to relatively 
attractive coal transportation arrangements. 

Prior to 1968, nuclear-fueled plants were ad- 
judged competitive with fossil-fired plants, at coal 
costs in the order of 23 to 24 cents per million Btu. 
In view of the sharp increases being experienced in 
nuclear costs, this is no longer the case. Reference to 
Exhibit III.8 shows average coal costs in the East 
Central Region, during the period when the bulk of 
the presently committed nuclear-fueled capacity was 
placed on order, as 21.7 cents per million Btu. 


While coal costs since have risen, and while it is 
apparent that they will increase further in the 
future, the fundamental question is whether or not 
the increased costs of nuclear generation will main- 
tain a competitive balance with coal even at its 
higher price. 

Nevertheless, the role of nuclear generation in the 
supply of energy requirements in the East Central 
Region is expected to increase materially in the 
future, as indicated in Exhibit IV.1. While these 
projections reflect the overall judgment of the major 
power suppliers in the region, as developed during 
the past year, all utilities are keenly aware of the 
current rapid rises in generating equipment costs. 
Such cost rises have been more predominant in 
nuclear than in fossil-fueled generating equipment. 
The problems and uncertainties of siting and regu- 
latory approval, as well as the delays in meeting 
construction targets, have also been more severe in 
nuclear than in conventional generation. These 
factors, together with changing cost relationships, 
the operating performance of future nuclear units, 
and the success of the utility industry in relieving 
any adverse atmospheric effects from fossil-fired 
plants, may well alter the prognostications discussed 
above. 

Exhibit IV.2 shows all nuclear-fueled generation 
now in operation or committed in the East Central 
Region. 

It will be noted that the vast bulk of this capacity 
is located relatively distant from the region’s coal 
fields. It is expected that nuclear generation will 
find its greatest application during the next decade 
or so in the northern portions of the region, with 
plants located mainly on Lakes Erie and Michigan 
where there is access to cooling water. 


Hydro Generation 


The East Central Region has a relatively small 
amount of conventional hydro resources. To a large 
extent these have already been developed. The total 
hydro capacity in the region amounts at present to 
681 megawatts. To explore undeveloped potential 
hydro sites in the East Central Region, a survey 
of all utilities in the area was made using a list 
of sites provided by the Chicago Office of the 
Federal Power Commission in April 1967. This list 
showed about 4,600 MW of potential capacity 
distributed among some 60 different locations. The 
responses to this survey indicated that most sites 
were regarded as uneconomical for generation proj- 
ects. The few hydro sites, indicated by the utilities 
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EXHIB 


IV.2 


Nuclear-Fueled Plants in Operation or Committed in East Central Region * 


Plant Prime utility NSSS MWe § Year of 

vendor operation 
Shippingport.,. .a 9s y~ «casei 2 eee eer Duquesne:Lighther each oe tele oe WwW 100 1957 
Bie Rock’ Pomt..< <7) - eee o-Ps ee Consumers: Powers =e eee ree GE 70 1963 
Fermi NotelSh00 0) cote es Cetra: Gee eres PRDE(DetroitjEd>) are ae APDA 61 1964 
PIQUA S72 fae aaa Wane pera eles rare City of Piqua tata cpi ie clan dct iers AI 11 1964 
Palisades $205 ajo tis ccasarc buat de iecotle Cita IE Consamers*Power.2. chien eee CE 770 1970 
COG INO. ees Se ec ron ee Ee indy &4 Mich= (ALP) eee eer eee W 1, 054 1972 
Gook NO. Zo eae en he STR ene ees Indieé&sMich; (AEP) Scere crea W 1, 054 1973 
Beaver, Valley a. one ee Re ou Reka ee ee 847-1973 
FermisN032seris fake eee lees DetroitiEdison tn)... catie ee Pee ee ae GE iN 3 d7/ 1974 
Davi Bead ee ee ae... ee Mee eA 890 1974 
Midland" Now Ieee sane eet once Consumersshower secre an cee B&W 3 500 1974 
Midland: Nos 23st as. scree eee Consumers: Power soe ee eee oe B&W 800 1975 


1 As of July 1, 1969. 
2 No longer in operation. 


as worthy of consideration, were located at naviga- 
tion dams on the Ohio River. These included 
Cumberland Falls, Gallipolis, and Racine. Any de- 
velopment at Cumberland Falls, however, has met 
strenuous objections by local citizens’ groups because 
of eventual inundation of scenic and tourist attrac- 
tions. Application for a license to install 40 MW of 
capacity of Gallipolis has been filed with the FPC 
some time ago but the U.S. Corps of Engineers 
plans for making changes in the dam have delayed 
the project. Application for a license to install 40 
MW of capacity at Racine has been filed recently 
and is now pending before FPC. From the above 
it can be seen that hydro will not play a major 
role as a power supply source to this region. 


Pumped Storage Generation 


Some parts of the East Central Region, by virtue 
of terrain and water resources, have offered and 
will continue to offer opportunities for the develop- 
ment of pumped storage generation for peaking 
purposes. At present, 765 MW of pumped storage 
generation is located within, or is available to, the 
East Central Region. This includes the Smith 
Mountain plant (460 MW) of Appalachian Power 
Company (AEP), and Cleveland Electric Iluminat- 
ing Company’s share (305 MW) of the 380-MW 
Seneca plant in northwestern Pennsylvania which 
it jointly owns with the Pennsylvania Electric Com- 
pany (GPU). Two additional plants of about 1,800 


3 This reactor will deliver process steam to a manufacturer. 


MW each are planned. These comprise Consumers 
Power Company’s and Detroit Edison Company’s 
Ludington project in northern Michigan and Ap- 
palachian Power Company’s (AEP) Blue Ridge 
project in southwestern Virginia; the latter is await- 
ing license approval. These plants are tentatively 
scheduled for 1973-1974, and 1975-1976, respec- 
tively. Consideration also is being given by the Al- 
legheny Power System to the installation of pumped 
storage generation in the amount of 750 MW in 
the 1976-1980 period. Possible projections beyond 
these dates are shown in Chapter X. 

While preliminary surveys indicate that potential 
pumped storage plant sites are numerous in the 
East Central Region, their relative concentration 
in remote portions of the area will limit their eco- 
nomic feasibility. Pumped storage generation is a 
form of peaking capacity and, therefore, cannot 
support a heavy transmission burden and remain 
economically competitive with alternative forms of 
peaking generation. Also, it is inherently energy 
limited because of reservoir storage and draw-down 
restrictions and, therefore, can satisfy only a limited 
portion of the daily load cycle. 


Possible Sources of Power From Outside the 
Region ; 


The East Central Region, by virtue of its large, 
economical fuel resources, has been an exporter 
of power in the past. With the increased installa- 
tion of nuclear-fueled plants in adjacent regions, 
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this exportation of power may gradually decline in 
the future. 

The recent closing of EHV ties between Michigan 
and the Indiana-Ohio area now interconnects the 
Province of Ontario with the entire East Central 
Region. The electric energy needs of Ontario Hydro 
are being met by a combination of fossil-fuel, nuclear 
and hydro generation. The 2,000-megawatt Lamb- 
ton plant in Ontario, directly across from Michigan, 
utilizes coal imported from the United States. 
Ontario’s needs and resources preclude the exporta- 
tion of firm power to the East Central Region at 
costs that are competitive with power produced 
within the region. 

The lack of any need or incentive to import 
firm power from outside the East Central Region 
will not preclude the continued interchange of 
emergency, short-term, diversity and economy 
power between systems in the region that are con- 
tiguous with systems in other regions. 


Power Plant Siting 


Adequate plant sites, both in terms of their num- 
bers and their general adaptability for power pro- 
duction purposes, are essential to meet the growing 
electric energy demands of the future. The projected 
addition in the East Central Region of approxi- 
mately 130,000 MW of new generation between 
1971 and 1990 will require the intensive develop- 
ment of existing sites wherever possible, as well as 
the acquisition of a substantial number of new sites. 
No attempt was made in this survey to determine 
the precise site requirements of the utilities through 
1990. Any such effort would require, as a starting 
point, a detailed engineering analysis of all existing 
sites to determine their ability to support additional 
generation. It is readily apparent, however, that the 
acquisition and development of power plant sites 
in the future will constitute one of the power in- 
dustry’s most difficult problems. 

The discussion which follows describes some of 
the more important factors affecting site selection. 
These factors may be defined as: land require- 
ments, cooling water needs, fuel availability and 
supply, transportation facilities, environmental ef- 
fects, and location with regard to system load. This 
discussion will be limited to thermal plants since 
the unique requirements of hydro and pumped 
storage generation require their consideration on 
an individual plant basis. 


Land Requirements 


Coal-fired plants require on the average a mini- 
mum of about 60 acres for each 1,000 MW of 
capacity. The use of cooling towers and ponds 
would add to this requirement. A 3,000-MW plant, 
which is not an unrealistic size in the future, would 
require a minimum of approximately 180 acres. 
These acreages do not include ash disposal areas 
which must be found in the vicinity of the plant 
and, in general, require about 250,000 cubic feet 
per MW or about 180 acres of land utilized to a 
depth of 100 feet for the lifetime operation of a 
3,000—MW plant. This demonstrates the value and 
desirability of developing industrial uses for fly ash 
and bottom ash, as referred to in Chapter IX. 

The land requirements for nuclear-fueled plants 
are determined almost entirely by exclusion area 
criteria. These requirements may vary from plant 
to plant depending on the orientation of the plant 
with regard to open water and population areas. In 
general, however, current AEC criteria require 
nuclear plant sites to be much larger than fossil- 
fired plant sites. Typical values for site require- 
ments have been 300 to 600 acres for a 2 200-MW 
plant comprising two units of 1,100 MW each. 


Cooling Water Needs 


The amount of cooling water required depends 
on the size of the plant, its efficiency (heat rate) 
and the permissible temperature rise of the cooling 
water. Where the permissible temperature rise is 
limited to 10° F, which is most often the case, mini- 
mum river flows in excess of 5,000 cubic feet per 
second or about 2,300,000 gallons per minute, 
would be required for a 3,000-MW plant which 
does not depend on cooling towers or pondage. Al- 
though this represents a minimal consumptive use 
of water, since the water simply flows through the 
condenser and returns to the source, it nevertheless 
is a very large quantity. 

Greater limitations on permissible heat discharge 
have made it necessary with increased frequency 
to provide cooling towers and cooling ponds. A 
modern 3,000—MW cooling tower installation would 
require a flow of water in the order of 55 cubic feet 
per second or about 27,000 gallons per minute to 
replace the water evaporated, while a cooling pond, 
if feasible by terrain considerations, would require 
perhaps one-half this amount. Since a cooling pond 
depends for its effect upon surface evaporation, an 
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area of about 3,000 acres would be required for 
a 3,000-MW plant. The large area requirement for 
cooling ponds makes them impracticable in most 
instances. 

The relatively lesser thermal efficiency of nuclear 
as opposed to fossil-fired plants and the fact that all 
heat losses in nuclear generation are discharged into 
water and none into the atmosphere, result in 
greater cooling water needs. Based on the most effi- 
cient present-day heat rates, the cooling water re- 
quirement for nuclear over fossil-fuel plants is about 
1.5 to 1. This relationship is not expected to change 
significantly in the next decade or so. 

The use of wet type cooling towers, both of the 
induced draft and natural draft hyperbolic design, 
is becoming increasingly prevalent in the East Cen- 
tral Region. Generating units as large as 800 MW 
are now being constructed with a single cooling 
tower. This trend is expected to accelerate since 
there are few sites on the rivers in the East Central 
Region with sufficient water to permit straight con- 
denser cooling and still remain within present and 
anticipated river temperature constraints. The net 
effect on the plant capital cost of wet-type cooling 
towers is at present about $4 to $7 per kilowatt. 

The assurance of sufficient cooling water supplies 
to large power plants, even during the worst 
drought conditions, is absolutely essential since such 
plants cannot be shut down during periods of low 
river flow without serious consequences to the power 
system in its ability to serve its customers. 

Cooling towers are further discussed in Chap- 
ter IX on Environmental Considerations. 


Fuel Availability and Supply 


The importance of coal delivered to a site at com- 
petitive prices and in the quantities required for 
large fossil-fired plants has been discussed pre- 
viously. A typical 3,000-MW plant would need 
about 7.5 million tons of coal per year from sources 
with assured recoverable reserves in the order of 
200 million tons. While reserves are available in 
the region to meet such demands for many years 
to come, their development into large, efficient op- 
erations will require large amounts of investment 
and the full use of mine mechanization techniques. 

The availability of plant sites in close proximity 
to large coal reserves, discussed above, is limited 
even in the East Central Region with its abundant 
coal reserves. This means that many future plants 
will need to depend on barge or rail transportation. 


Therefore, it will be essential to pursue new and 
more efficient means of bulk transportation if the 
price of coal delivered to the plant site is to be 
competitive. The full and imaginative cooperation 
of the transportation industry will be needed in this 
respect. 

The availability of fuel for nuclear plants will 
depend, in the future, largely on the degree of in- 
creased uranium exploration, the development of 
sufficient ore processing capacity and the progress 
in the development of converter and breeder reac- 
tors. The ease in shipping nuclear fuel and the rela- 
tive insignificance of fuel transportation as a cost 
factor makes nuclear plant siting as such independ- 
ent of fuel supply. 


Transportation Facilities 


An important requirement in power plant siting 
is the availability of rail or water transportation. 
The increasingly large size of power plant equip- 
ment and components necessitates some means of 
bulk transportation to the plant site. In coal-fired 
plants such transportation is required not only dur- 
ing the process of construction and to permit re- 
placement of heavy equipment during the plant’s 
lifetime, but also to provide for delivery of coal. 
In nuclear-fueled plants, thhe very large size of plant 
components, particularly the pressure vessel, makes 
barge transportation almost a necessity at present. 
Possible future field erection of pressure vessels may 
ease this problem somewhat. 

The East Central Region is well provided with a 
railroad network. In addition, it has access to Lakes 
Erie, Huron, and Michigan, as well as such major 
navigable streams as the Ohio, Allegheny, Monon- 
gahela, and Kanawha Rivers. 


Environmental Effects 


The increasing importance of environmental! con- 
siderations in power plant siting has already been 
alluded to and is discussed in detail, particularly as 
regards fossil-fired plants, in Chapter IX. Such con- 
siderations must be carefully evaluated, site by site, 
with full recognition given to increasingly stringent 
restrictions on a plant’s effect on air, water and the 
esthetics of a particular location. 

Nuclear plants, while substantially eliminating 
the air pollution problem, do aggravate the so-called 
thermal pollution problem because of their greater 
heat loss to the cooling water used for condensing 
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purposes. Many other factors, unique to nuclear 
plant siting, also require consideration, such as the 
ability to dispose readily of radioactive waste 
products, population density and various safety 
requirements. 


Location With Regard to System Load 


The location of power plants in relation to system 
load has both economic and reliability implications. 
As plant sizes become larger, the need for trans- 
mission outlets increases. Therefore, the availability 
of transmission rights-of-way becomes a major fac- 
tor in site selection. The more remote the plant 
from the load center the greater the cost for trans- 
mission to deliver its output to the consumer. While 
the growth of interconnected extra-high-voltage 
(EHV) networks throughout the East Central Re- 
gion for purposes of reliability and coordinated op- 
eration will alleviate any cost penalty to some de- 
gree, the fact remains that the greater the distance 
from power source to load center the greater the 
energy transportation cost associated with such 
energy. 

Reliability considerations also dictate against the 
excessive concentration of power sources. Requisite 
to a reliable system is a well-balanced distribution 
of power sources in relation to load centers. 

To recapitulate, the selection of a power plant 
site must take into account all of the factors enu- 
merated above. In addition, such considerations as 
the economic effect of a particular local tax situa- 
tion and the availability, productivity and cost of 
construction labor in the area must also be taken 
into account. Alternative locations, with considera- 
tion given to each of these factors, need to be inves- 
tigated in detail and decisions made based on the 
most economical choice to supply the system’s needs 
in the most reliable fashion while still meeting es- 
sential environmental requirements. Chapter X out- 
lines one possible approach to meeting the region’s 
power supply requirements through the year 1990. 


Trends in Generation Technology 


This discussion will dwell briefly on expected. 
trends in generation technology, particularly as re- 
lated to unit size and efficiency, plant size, and unit 
availability. The bulk of these comments will per- 
tain to fossil-fired and nuclear-fueled generation, 
with brief reference to pumped-storage projects. 


Fossil-Fired Generation 


The economies of scale inherent in generating 
equipment have long been recognized in the East 
Central Region. Likewise, many developments to 
improve thermal efficiencies of coal-fired units were 
pioneered in this region. The Philo Unit No. 6 of 
Ohio Power Company (AEP) was the first full- 
scale prototype unit (107 MW) in the United 
States to utilize the once-through boiler concept at 
supercritical steam conditions (4,500 Ibs./sq. in. 
pressure and 1,150° F temperature). This unit, 
placed in operation in 1957, was followed by the 
first large commercial unit of this type (450 MW) 
at Breed Plant of Indiana & Michigan Electric 
Company (AEP). Today, the bulk of all new fossil- 
fired generation under construction or on order in 
the East Central Region is of large size and of the 
supercritical design. Chapter X impressively shows 
the accelerating trend to large units in the future. 

Although little improvement in thermal efficien- 
cies of fossil-fired units, over and above those 
already achieved (8,550 to 8,900 Btu per kilowatt- 
hour) , can be anticipated in the foreseeable future, 
further capital cost economies are expected with 
increasing unit size. Further improvements in effi- 
ciency must await the development of new ma- 
terials, capable of operating at still higher pressures 
and temperatures and available at reasonable cost. 
No breakthrough in metallurgy in this regard is in 
sight at the present time. Future economies must 
depend, therefore, essentially on increases in size. 

Unit sizes of 600 to 800 megawatts are now in op- 
eration in the East Central Region and units of 
1,300-megawatt size are on order. A survey of utili- 
ties in the region indicates anticipated single unit 
sizes of 1,500 megawatts by 1980 and 2,500.mega- 
watts by 1990. Most recent projections indicate 
possible unit sizes as great as 2,800 megawatts during 
this period. The achievement of economies of scale 
has been a significant factor in enabling the power 
industry to keep rates to consumers low notwith- 
standing the inflation that has been taking place. 

While it has been generally assumed, and with 
some justification, that forced outage rates of coal- 
fired units will increase with size, based on the 
greater physical dimensions of such components as 
boiler tubes and their exposure to failure, experi- 
ence to date with mature units of large size has been 
insufficient to draw statistically valid conclusions. 
The degree of reserve built into the many com- 
ponent parts of a large boiler-turbine-generator and 
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the design tolerances assumed, together with the pre- 
ventive maintenance practices of the utility and the 
quality of the fuel used, will have a significant effect 
on forced outage experience. Initial periods of diffi- 
culty are characteristic of all new engineering 
design, particularly when it involves significant de- 
parture from the past, as in the case of supercritical 
units. Hence, any attempts at statistical correlation 
are complicated not only by large-size units but also 
by radically different steam conditions and, often- 
times, different operating practices. It is expected 
that future units of large size and of the super- 
critical design will show improved availability per- 
formance over those presently in existence or now 
coming into operation. 


Nuclear-Fueled Generation 


The ability to achieve economies of scale sim- 
ilarly applies to nuclear generation. In nuclear 
plants the equipment or facilities least affected by 
size, and therefore promising substantial economies 
of scale, include the reactor vessel, the safety in- 
jection system, buildings, control room, waste dis- 
posal, instrumentation, and other such items. The 
capital cost economies in going from an 800-mega- 
watt size to an 1,100-megawatt size have been well 
established. While unit sizes beyond 1,100 mega- 
watts will require additional study and equipment 
development, there is every reason to expect that 
economies of scale will continue to be available. 

The thermal efficiencies of typical nuclear units 
now under construction are in the order of 10,500 
Btu per kilowatt hour. Any real breakthrough in 
efficiency beyond this value must await the devel- 
opment of a high-temperature, high-pressure re- 
actor. 

The forced outage rates of large nuclear units 
have yet to be established. Because of their more 
conservative steam conditions (in the order of 750 
Ibs. per sq. in. and 500° F temperature), their forced 
outage rates resulting from turbine and steam gen- 
erator component failure are expected to be less 
than those for comparably-sized coal-fired units. 
The need to allow time for refueling, however, and 
the possible inability to carry out all maintenance 
during such refueling periods, may well result in an 
overall unit availability rate comparable to that of 
coal-fired units. For this reason many utilities are 
assuming equal availability performance for both 
conventional and nuclear generating units in pro- 
jecting their future capacity needs. 


Plant Sizes 


The need to utilize the limited number of plant 
sites most efficiently as well as to obtain the inherent 
economies, both in capital and in operating costs, 
will result in the development of very large power 
plants in the future. The largest coal-fired power 
plant in operation at this time in the East Central 
Region is 1,888,000 kilowatts. Several plants in the 
order of 2 million kilowatts are under construction 
and one plant of 2.9 million kilowatts has been com- 
mitted. Power plant sizes up to 4 million kilowatts 
are projected for the 1970’s. Indications are that 
plants of this and even larger size will become in- 
creasingly prevalent in the years ahead. 

Nuclear-fueled plants in sizes up to 2.2 million 
kilowatts are already under construction in the re- 
gion. It is reasonable to predict nuclear plants of up 
to 3-4 million kilowatts in the future. One con- 
straint on size of power plants may be the size of 
investment committed to one location. For plants 
of 4 million kilowatts this may amount to 600-800 
million dollars. The consequences of damage and 
the undesirability of concentrating such investments, 
particularly as regards nuclear, may become a limit- 
ing factor. Another constraint is that plant sizes 
must be in balance with the other elements of the 
bulk power system that affect reliability of power 


supply. 
Pumped Storage Plants 


The efficient and economic development of 
pumped storage plants so as to utilize the water re- 
sources of a river system or other body of water may 
require, in many instances, the development of 
plants of very large capacity. In the East Central 
Region, the two plants of 1,800-megawatt size, now 
projected, are examples of such developments. Se- 
lection of very large size for future pumped storage 
projects may also be the only way to assume the in- 
creasingly heavy economic burdens of water quality 
control storage, flood storage, and recreation, as 
required by federal agencies for plants of this type. 

The desirability of using the largest possible gen- 
erating units in such projects presents a continuing 
technological challenge to assure satisfactory per- 
formance in both generating and pumping modes. 

The benefits of pumped storage plants in terms 
of their lower equipment and outage rates and their 
rapid response as spinning reserve during periods of 
sudden system disturbances are important con- 
siderations. 
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CHAPTER V 
TRANSMISSION AND INTERCONNECTION 


Introduction 


This chapter describes the present status of trans- 
mission in the East Central Region and of inter- 
connections within the region and with contiguous 
regions; discusses briefly the broad planning con- 
siderations that led to the evolution of the present, 
highly developed transmission network; and re- 
views, in general terms, the direction in which trans- 
mission and interconnection within the region can 
be expected to develop in the future. 

As described elsewhere in this report, the East 
Central Region—while covering less than 7% of 
the land area of the United States—represents one 
of the most highly developed areas of the country. 
It is not surprising, therefore, that in terms of elec- 
tric power supply this region is one of the most 
dynamic areas in the nation. 

The electric power demand in the East Central 
Region, as discussed in Chapter II, is widely dis- 
tributed. Even the largest load concentrations 
around the major metropolitan areas within the 
region, such as Detroit, Cleveland, Pittsburgh, Lou- 
isville, Indianapolis, and several others, are them- 
selves rather widely distributed geographically. 
Likewise, the generating plants within the region 
are widely distributed, even though there is a some- 
what greater concentration of generation in the 
eastern part of the region and along the Ohio River 
than elsewhere, because of easier access to an eco- 
nomical coal supply. 


Present Status 


Partly because of the wide geographical disper- 
sion of both electric power demand and generation, 
the East Central Region does not have a pattern of 
transmission development that is primarily dictated 
by energy transportation requirements, as is the 
case in many other areas of the country. Rather, 
the transmission network is characterized by its 
extensive coverage of the entire area and by the 


multitude of interconnections among the systems 
within the region and to systems in contiguous areas. 
Thus, the East Central Region contains the highest 
concentration of EHV transmission facilities in the 
world, aggregating in 1968 to more than 3,900 cir- 
cuit-miles of 345-kV and 500-kV transmission, sup- 
ported by an underlying transmission network of 
about 22,000 circuit-miles in the 120-kV to 230-kV 
voltage class. Also, it represents the most highly in- 
terconnected area in the world containing, as of the 
end of 1968, a total of 79 high-voltage interconnec- 
tions in the 138-kV to 500-kV voltage range linking 
together the individual systems within the region, 
as well as 49 additional interconnections at 110 kV 
to 500 kV connecting the East Central Region to 
adjacent areas. 

Today’s highly developed transmission network in 
the East Central Region is the result of many years 
of pioneering effort, cooperation, and joint study 
among the bulk power supply systems within the 
area. These systems recognized for many years the 
importance of strong transmission channels tieing 
together the major load areas and generating 
sources. Thus, the first high-voltage transmission 
line in the United States, at 138 kV, was built in 
the East Central Region in 1917, from Windsor 
Plant on the Ohio River to the Canton-Akron, 
Ohio area. The first EHV transmission line in the 
country was introduced in this region in 1952, as 
a 50 mile, 345-kV line from the Philip Sporn Plant 
to the Kanawha River Plant of the American Elec- 
tric Power (AEP) System. In May 1969, the highest 
EHV transmission line in the world was energized 
in this region by the placement in commercial opera- 
tion of the first link of an extensive, 1,100-mile, 765- 
kV network. 

Exhibit V.1 shows the growth of EHV transmis- 
sion in the East Central Region between 1951 and 
1968, involving significant extension at 345 kV 
throughout the area and, beginning in 1966, the 
introduction of 500 kV in the eastern part of the 
region in close coordination with the 500-kV de- 
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EXHIBIT 3.1 
EAST CENTRAL REGION 
DEVELOPMENT OF EHV TRANSMISSION 
1951— 1970 
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velopments on the PJM and Virginia Electric and 
Power Company (VEPCO) systems. 

While there have been instances within the East 
Central Region when EHV transmission lines were 
utilized, for a time, for purely energy transportation 
purposes from a “mine mouth” plant to a load 
center—as in the case of AEP’s Breed Plant, Ohio 
Edison’s Sammis Plant, and Indianapolis Power & 
Light’s Petersburg Plant—such transmission lines, 
in due course, invariably were incorporated into the 
overall EHV network overlaying the entire area. 
This is in accord with the basic planning philosophy 
of the bulk power supply systems within the region, 
calling for the development of a strong, flexible, and 
multi-purpose transmission network. It affords the 
achievement of a very high level of reliability of 
bulk power supply at a reasonable cost while at the 
same time offering opportunities for substantial 
economies through a variety of power interchange 
transactions. 

This planning philosophy is also reflected in the 
extent to which the power systems within the East 
Central Region are continuing to build transmission 
facilities to meet the growing demand for electric 
power and energy. While the tentative plans for 
transmission additions within the region, for the 
periods 1971-1980 and 1981-1990, are discussed in 


some detail in Chapter X of this report, it is of 
interest to note here the extent of transmission con- 
struction now actually underway or authorized. A 
total of 4,400 circuit-miles of new EHV transmis- 
sion facilities is now authorized or under construc- 
tion within the region andis_ scheduled for 
completion during the 1969-1973 period. This in- 
cludes 1,100 circuit-miles at 765 kV and 3,300 
circuit-miles at 345 kV and 500 kV. In addition, 
1,500 circuit-miles of new transmission facilities in 
the 120-kV to 230-kV voltage class are authorized 
or under construction. The power systems of the 
East Central Region have also authorized or have 
under construction 33 new high-voltage intercon- 
nections within the region (28 interconnections at 
345 kV and five at 138 kV), as well as five new 
interconnections between the East Central Region 
and adjacent areas (one at 765 kV, three at 500 kV, 
and one at 345 kV). 


The Long-Term Outlook 


In contemplating the long-term development of 
EHV transmission and interconnection in the East 
Central Region, it is important to consider the basic 
technological, economic, and social factors which 
contributed most to its past and present develop- 
ment. It is also essential to review the long-term 
trends in such factors and to explore the implications 
of these, and any other, trends that may be on the 
horizon. . 

The more important factors that have influenced 
the past and present development of EHV trans- 
mission in the East Central Region and elsewhere 
can be summarized briefly as follows: 


Load Growth 


It stimulated the search for the most effective and 
economical means of transmitting the additional 
amounts of electric power and energy from the 
generating sources to the load centers. 


EHV Transmission Economics 


These are predicated on the basic fact that the 
capability of a transmission circuit increases ap- 
proximately as the square of its rated voltage. If, 
through research and technological improvements, 
a transmission circuit can be built for higher rated 
voltages at a cost that increases less in relation to 
the increases in its transmission capability, then the 
higher voltage transmission becomes intrinsically 
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more economical. Its introduction on a given power 
system becomes then a matter of timing and de- 
pends in each instance on specific conditions, such 
as transmission distance, transmission capability re- 
quirements, and network configuration. 


Generating Capacity Economics 


The technical feasibility and economic attractive- 
ness of concentrating increasingly large blocks of 
generating capacity in single units and plants 
created opportunities for similar concentration of 
transmission capability in a single transmission 
channel. 


Limited Availability of Land and Rights-of-Way 


EHV transmission enables a much greater utiliza- 
tion of a given right-of-way in terms of load- 
carrying capability. 


Reliability Considerations 


One of the basic prerequisites to reliable bulk 
power system design is the need to maintain proper 
balance among various system elements, such as 
the size of its generating units and plants, strength 
of its interconnections, and capability of its internal 
transmission channels. Thus, the trend toward econ- 
omies of scale in generation implies the need for 
corresponding reinforcements in transmission. 


Interconnections 


The trend toward larger generating unit and plant 
sizes increases greatly the opportunities for inter- 
connection benefits in terms of reductions in 
installed generation reserves, carrying out of inter- 
connection transactions of various kinds, and en- 
hancement of transmission system reliability. 

Looking into the future, it appears certain that 
electric power demand in the East Central Region 
will continue to increase during the next 20 years at 
an essentially undiminished rate. It is evident, there- 
fore, that further development of transmission and 
interconnections in the East Central Region will 
continue to play a vital and indispensable role in the 
years ahead. Considerations of growth in demand, 
scarcity of rights-of-way, reliability requirements, 
generating capacity economics and interconnection 
benefits, all point toward further expansion of 345 
kV, 500 kV, and 765 kV transmission within the 
region, as well as toward the introduction of an even 
higher voltage overlay—at an ultra-high voltage in 
the 1,200-1,500-kV range—by the middle or late 
1980's. While the generation and transmission pat- 
terns for the East Central Region, presented in 
Chapter X of this report for the 1981-1990 period, 
do not show a higher-voltage overlay on the then 
existing 765-kV network, the need for such an over- 
lay within the region by that time period 1s a distinct 
possibility. 
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CHAPTER VI 
GENERATION RESERVES 


The analysis and determination of generating 
capacity reserve requirements for a power system 
constitutes one of the most important system plan- 
ning functions. Great emphasis has been placed, 
especially in recent years, on the need for perform- 
ing reserve studies in order to evaluate the adequacy 
of installed capacity to meet system load 
requirements. 


Generation Reserve Methods 


The generation reserve planning techniques 
which have been used by utility systems within the 
East Central Region, as in other areas of the coun- 
try, can generally be divided into two broad 
categories: 

(a) Non-probabilistic methods. 
(b) Probabilistic methods. 
Generating capacity requirements based on non- 
probabilistic methods have generally been deter- 
mined by establishing minimum reserve require- 
ments over the annual peak load period based on: 
(a) A fixed minimum percentage of peak load, 
or 
(b) A fixed multiple of the system’s largest 
generating unit, as for example the largest 
unit plus a mode unit. 

In the use of these non-probabilistic methods, 
judgment plays a predominant role. Their principal 
advantage is simplicity since reserve requirements 
can easily be calculated once an annual peak load 
has been projected or the size of the largest unit 
is known. This simplicity of application, however, 
is offset by the inherent inability of such methods 
to measure, in a quantitative manner, the reliability 
associated with generating capacity being able to 
meet system load on a day-to-day basis. In this 
approach consideration is not given to the daily, 
monthly, and seasonal load patterns, nor to the 
characteristics of generating equipment peculiar 
to the individual system such as the mix of unit 


types and sizes, and unit availabilities. The size 
of the largest unit is recognized to some extent, 
of course, when such a unit is used as the basis 
for determining the reserve requirement at the time 
of annual peak load. This reserve requirement might 
also reflect any planned maintenance needs antic- 
ipated for the time of peak load. 

Probabilistic methods, on the other hand, al- 
though somewhat complex, do provide the only 
analytical means for evaluating the risk associated 
with supplying system load requirements. This is 
generally accomplished by interrelating load and 
capacity models developed for the particular system 
and time period under study. The load model usu- 
ally consists of a series of load levels representing 
the full range of daily or monthly peak loads antic- 
ipated throughout the given period. It may also 
include provision for the probability of load changes 
because of deviations from projected normal con- 
ditions of weather or economic activity. 

The capacity models used in probabilistic methods 
usually involve calculating the likelihood of occur- 
rence of various levels of available system generating 
capacity, based on assumed forced-outage rates for 
the individual units, and taking into account out- 
ages for scheduled maintenance. The interrelation 
of such capacity models with the load models previ- 
ously described forms the basis for evaluating the 
risk associated with capacity not being able to 
satisfy the load requirements. 


Discussion of ECAR Reserve Studies 


Inasmuch as the power systems making up ECAR 
supply about 95% of the electric energy require- 
ments in the East Central Region, the nature of 
future installed generating capacity reserves within 
the region will be greatly influenced by the capac- 
ity additions planned by these systems. 

In accordance with its broad objective to assure 
reliability of overall bulk power supply, ECAR has 
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been carrying out extensive studies to develop a 
methodology for appraising the adequacy of in- 
stalled generating capacity reserves among its 
member systems. These studies have verified the use- 
fulness of employing probabilistic techniques when 
evaluating the reserve situations of a group of util- 
ities with widely different load and capacity char- 
acteristics, such as exist within ECAR. On the 
basis of these studies, steps are underway to establish 
criteria for maintaining minimum generating capac- 
ity reserves applicable to all member systems. 

A description of the basic features of an approach 
to evaluating generating capacity reserves, which 
has thus far been found to be most applicable to 
meeting the needs of ECAR, is given herein. Some 
of the concepts which follow are similar to those 
described in studies performed within the American 
Electric Power Service Corporation? and within 
the group of utilities comprising CAPCO,? a power 
pool within ECAR. 


Concept of Daily Capacity Margin 


The basic unit of measurement by which a sys- 
tem can assess its relative reserve situation is the 
daily capacity margin. For the purposes of this re- 
port, the daily capacity margin is defined as the 
difference between total operable capacity on the 
system and the daily peak load. Operable capacity 
is considered to be the seasonally adjusted system 
generating capacity, including firm purchases and 
excluding all capacity deratings as well as planned 
and forced outages, at the time of daily peak load. 

As can be seen from the illustration in Exhibit 
VI.1, the daily capacity margin can be either posi- 
tive, negative, or zero, depending upon the relative 
magnitudes of capacity and load. Thus, when avail- 
able capacity exceeds the daily peak load, a capacity 
surplus exists. Otherwise, when available capacity 
is less than the daily peak load, a capacity deficiency 
occurs. 

It is important to note that a capacity deficiency 
does not necessarily mean loss of load, but, rather, 
defines the extent of dependence on the various sup- 
plemental capacity resources available to the system. 


*G. S. Vassell, N. Tibberts, “An Approach to the 
Analysis of Generating Capacity Reserve Requirements,” 
IEEE Transactions on Power Apparatus and Systems, Vol. 
PAS-—84, No. 1, pp. 64—79, January 1965. 

*L. Firestone, W. D. Masters, A. H. Monteith, “The 
CAPCO Group Probability Technique for Timing Capac- 
ity Additions and Allocation of Capacity Responsibility,” 
pending publication—IEEE paper No. 68TP693-TWR. 


EXHIBIT WZ.1 


DERIVATION 
OF THE DAILY CAPACITY MARGIN 
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These supplemental capacity resources can come 
either from within the system, such as interruptible 
load curtailments, or from sources outside the sys- 
tem, such as emergency support from interconnec- 
tions. Actual loss of load occurs, of course, only when 
the capacity deficiency exceeds the amount of sup- 
plemental capacity resources available at the time 
of deficiency. 

The daily capacity margin normally varies from 
day to day, depending upon the magnitude of the 
load and the aggregate amount of planned and 
forced generating unit outages on the system. These 
margins can vary widely, even within 1 week, as 
shown in the hypothetical load-capacity situation 
of Exhibit VI.2. It can be seen from this exhibit 
that, for the 5 days indicated, 3 days show capacity 
surpluses while 2 days have capacity deficiencies. 

Accumulation of statistics on capacity margins 
for a given power system over a given period of time 
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provides a means of appraising the relative perform- 
ance of the system in supplying load throughout the 
entire period. As an example, the collection of 
capacity-margin data for a particular period, such 
as a year, can be arranged to form a frequency dis- 
tribution plot in the manner shown in Exhibit V1.3. 
The same data can also be expressed by the cor- 
responding cumulative distribution curve shown in 
Exhibit VI.4. Such distribution curves provide the 
means for describing the reserve situation of the 
system in several dimensions, i.e., in terms of both 
magnitude and frequency of occurrence of the full 
range of capacity margins over the entire period. 
From these distribution curves the aggregate effect 
of the various capacity margins can also be deter- 
mined, expressed in terms of MW-days of capacity 
deficiency and capacity surplus, respectively. 

As previously noted, the negative, or deficiency, 
region of the capacity-margin distribution curve de- 
fines the extent of system dependence on supple- 
mental capacity resources in order to avoid actual 
loss of load. Similarly, the positive, or surplus, por- 
tion of the capacity-margin distribution curve rep- 


EXHIBIT W1.2 
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EXHIBIT NI.3 
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resents the degree to which the system can supply 
kelp to its neighbors. 

In view of the above, it is important, when evalu- 
ating the adequacy of a system’s capacity reserves, 
to recognize the need for a realistic appraisal of 
the availability of all supplemental capacity re- 
sources, both internal and external to the system. 
This becomes especially significant when dealing 
with interconnected systems in which the amount 
of available interconnection support is a function 
of neighboring systems’ reserve situations, the de- 
gree of interaction among the systems, and the limi- 
tations imposed by interconnection transmission 
capabilities. 

Based on the concepts just described, annual ca- 
pacity-margin distribution curves can be developed 
for a given power system for any future year by 
properly interrelating projected capacity and daily 
peak loads, taking into account the entire range 
of possible forced outages, using probability theory. 
Once such curves are developed, they become very 
powerful tools in the evaluation of future capacity 
reserve requirements. 

Studies within ECAR have ascertained the prac- 
ticality of using the concept of ‘“Capacity-Margin 
Distribution” as a basic analytical tool for apprais- 
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EXHIBIT 11.4 
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ing the adequacy of system reserves. The method is 
comprehensive in scope because it enables consid- 
eration not only of the annual peak load, but also 
the load’s daily, monthly, and seasonal character- 
istics as well. Similarly, recognition can be given to 
all the important attributes of capacity, including 
unit size, forced-outage performance, maintenance 
requirements and seasonal limitations. 

The approach, furthermore, provides a meaning- 
ful basis for comparing the results of actual day-by- 
day performance of a system with calculations of its 
predicted performance. Such comparison provides 
a means for developing confidence in the validity 
of the method. 


Factors Affecting Future Reserve 
Requirements 


A method of evaluating reserves, such as de- 
scribed above, provides a valid analytical tool which 


is mathematically rigorous and which could, there- 
fore, serve as a sound basis for the engineering evalu- 
ation of system reserve requirements. However, the 
availability of such tools does not assure meaningful 
results unless meaningful data are used, including 
the necessary projections and assumptions. Judg- 
ment, therefore, becomes a major factor in the de- 
termination of future reserve requirements. 

It is judgment that establishes the basis for the 
input projections and assumptions for any reserve 
study. These projections and assumptions must be 
made in a number of areas, including system load 
growth and forced outage performance of generat- 
ing capacity. Likewise, judgment must be used in 
evaluating the results of any reserve study. Consid- 
eration must be given to such factors as the possi- 
bility of slippage in the in-service date of new gen- 
erating units, availability of supplemental capacity 
resources, and the extent to which provision needs 
to be made for actual conditions several years into 
the future being different from existing conditions. 

Although no attempt was made by the Advisory 
Committee to project reserve requirements, per se, 
in the East Central Region through 1990, the in- 
dependent analyses and judgments of the indi- 
vidual utilities and power pools are reflected in the 
load and capacity assumptions contained in other 
chapters of the report. These plans result in reserve 
margins for the overall region that amount to ap- 
proximately 20% of annual peak load. This tends 
to reflect an increased concern with the need to as- 
sure adequate reserves to meet projected loads, an 
awareness of the serious consequences of not hav- 
ing sufficient capacity to meet the load, and careful 
consideration of assumptions with regard to several 
significant factors affecting installed capacity re- 
serves. Some of these factors are discussed below: 

Generating unit size has a significant effect on 
system reserve requirements. Larger unit sizes, when 
related to a given system size, inherently require 
larger reserves in order to meet a given standard 
of reliability. The increased trend toward larger 
unit sizes within the East Central Region, as indi- 
cated in Chapter X; the higher forced outage rates 
associated with such units during their initial years 
of service before reaching maturity and_ before 
necessary design modifications and improvements 
have been incorporated into subsequent units of 
any given series; and the lack of sufficient operating 
data on large units, in general, make predictions of 
unit outage performance relatively uncertain. 
Therefore, sufficient reserves must be provided, 
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when planning future capacity requirements, to re- 
flect conservative projections of forced-outage rates 
of new units. 

An increasingly higher percentage of the new 
capacity to be installed within the East Central Re- 
gion in the future will be in the form of nuclear 
units, generally of large size. The very limited 
operating experience on such units to date adds to 
the uncertainty of projecting their outage per- 
formance and operating constraints. 

The forecasting of load can also involve a con- 
siderable degree of uncertainty. Sufficient provision 
needs to be made in the load forecast, not only for 
departure from, say, the normal long-range eco- 
nomic cycle, but also for the likelihood of occur- 
rence of extremes in weather. In particular, the 
rapid growth of temperature-sensitive loads in the 
East Central Region has contributed directly to in- 
creasing seasonal peak loads and the reserve require- 
ments estimated for the future. 

Of increasing significance in recent years with re- 
gard to generating capacity reserves is the matter 
of slippage of in-service dates for new generating 
units. This has been particularly evident in the case 


of nuclear units. Recent experiences with equip- 
ment troubles, construction delays, and manpower 
problems have dramatically illustrated the im- 
portance of providing for increased lead times when 
planning future capacity requirements. Provision 
for such slippage of in-service dates must, therefore, 
be allowed for in reserves planning. 

As previously pointed out, the indicated future 
reserve requirements for the East Central Region 
represent a composite of a number of independent 
forecasts. These reserves reflect a recognition of the 
limitations in coordination and communication 
which presently exist and which may continue to 
exist among the independent entities within the re- 
gion when operating on a day-to-day basis. 

Consideration of the factors indicated above 
points to the necessity for maintaining relatively 
high levels of system reserves within the East Cen- 
tral Region throughout the foreseeable future. 
These factors, in large measure, are uncontrollable 
and, hence, require a reasonable degree of conserv- 
atism when establishing the basic projections and 
assumptions to be used in the determination of 
future reserve requirements. 
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CHAPTER VII 


COORDINATED PLANNING AND DEVELOPMENT 


Introduction 


There has been a long history of coordination 
among the electric utilities in the East Central Re- 
gion involving every aspect of power system plan- 
ning and operation. The earliest example of a joint 
venture in ownership and operation of a generating 
plant and related transmission occurred over 50 
years ago with the construction of the Windsor gen- 
erating station on the Ohio River. This station, 
owned by Ohio Power Company, a subsidiary of 
the American Electric Power System, and West 
Penn Power Company, a subsidiary of the Allegheny 
Power System, utilized generating units of large 
size for their day and an economical mine-mouth 
coal supply. Since then the electric utilities in the 
East Central Region have been in the forefront of 
technology in generation in terms of unit size as well 
as turbine pressures, temperatures and efficiencies. 

Many of the electric utilities in the East Central 
Region pioneered in developing the techniques of 
interconnected system operation in the 1920's. Since 
then there has been extensive development of the 
transmission systems of these utilities, the intercon- 
nections between them, and interconnections with 
systems outside the East Central Region. These de- 
velopments have created the most tightly intercon- 
nected transmission system in the world, initially at 
138 kV and more recently at 345 kV and 500 kV. 
Both these latter transmission voltages have been 
and will be extended, together with 765 kV in the 
near future, on a coordinated basis to meet the re- 
gion’s needs. 

Also, since the early 1920’s joint planning and 
operating studies have been carried out on a regular 
basis by combinations of two or more of the electric 
systems in the East Central Region to attain econ- 
omies and to augment bulk system reliability. Simi- 
lar planning and operating studies have been made 
with systems outside the region such as those of the 
PJM Interconnection. the Carolina-Virginia com- 
panies, the Illinois-Missouri companies, the Ten- 


nessee Valley Authority, and the Hydro Electric 
Power Commission of Ontario (Ontario Hydro). 

Against this historical background of coordi- 
nation by the electric systems in the East Central 
Region, this chapter discusses the present structure 
of the industry in the region and developments in 
coordination, both intraregional and interregional, 
for purposes of reliability and economy. 


Coordination—Defined 


Definitions of the terms “coordination” and “full 
coordination” are essential to assure an understand- 
ing of their usage in this report since such terms or 
concepts have no standard meaning in the electric 
utility industry and among regulatory agencies. 

“Coordination,” as used in the body of this re- 
port, means any joint action taken by two or more 
electric utility systems, each of which is a separate 
entity, to achieve desirable and useful objectives 
which they cannot readily obtain independently. 
This definition is to be contrasted with that con- 
tained in the FPC guidelines, dated 2/21/67, and 
distributed to the Regional Committees, which 
state that coordination is, “. . . joint planning 
and operation of transmission and generation by 
two or more electric systems for improved reliabil- 
ity and increased efficiency to take advantage of 
opportunities which would not be attainable if 
each system acted independently.” The guidelines’ 
definition of coordination is not used in this report 
because it calls for (a) joint planning of (1) trans- 
mission and (2) generation, and (b) joint opera- 
tion of (1) transmission and (2) generation, 
whereas coordination as used in the industry and 
in this report, as defined above, could involve any 
of these four items or any combination of them. 

“Full coordination,” as defined in the FPC guide- 
lines, and as used in this report, “. . . is the means 
by which all systems within a region, to the extent 
technologically and economically feasible, have 
available to them the opportunity to achieve in- 
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creased power supply reliability and optimum econ- 
omy by jointly planning and operating the combined 
resources of these systems to serve the combined 
loads and by exploiting all opportunities for coordi- 
nation with adjacent regions.” 


Structure of the Electric Power Industry in 
the East Central Region 


The East Central Region includes all or portions 
of nine states encompassing western Pennsylvania, 
western Maryland, a northern portion and the west- 
ern part of Virginia, all of West Virginia, Ohio, and 
Indiana, the lower peninsula of Michigan, most of 
Kentucky, and a small part of northeastern Tennes- 
see. This area contains about 32 million people and 
is a highly productive part of the United States and 
one which is greatly diversified in population, re- 
sources, and industry. As indicated in Chapter I, 
although the region covers only about 7% of the 
land area of the United States, it utilizes over 17% 
of the nation’s electric energy. 

Exhibits VII.1 and VII.2, which follow, are based 
on data supplied by the Chicago Regional Office 
of the FPC and show the structure of the industry 
in this region by number, size, and type of owner- 
ship of utility systems and whether or not such sys- 
tems have generation, are interconnected or are 
members of the East Central Area Reliability Co- 
ordination Agreement (ECAR), described in de- 
tail later in this report. The number of electric 


EXHIBIT VII.1 


East Central Region—Number of Electric Systems 
by Size (1965) and Ownership (1967) 


System peak Number Number Number 
load (MW) of Muni- of REC’s ofinves- Total 

cipals ! tor owned 
6,400$10;000 ed Sac ates he omen tenes 
33200— 6;399: See te. cee earner 2 2 
16002735199) gee pitts tuner oe Clee 4 4 
800-=, 1,599 > Mntho Move. amevnngemeasacres 9 9 
tal eA er eae RM Senne 2 2 
200-399 Dikees seer ies 1 2 
100-199 2 Ute tains slot 3 
50-99 DIP, Oe vee ameter 5 
25- 49 7 3 1 11 
13—- 24 26 29 1 56 
0- ie 214 74 19 307 
‘Totaly.a- 255 107 39 401 


1 Includes state colleges. 


systems shown in these two exhibits and their vari- 
ous classifications represent their status as of the end 
of 1967 whereas the data on size (peak loads in MW 
and energy in MWh) are as of the end of 1965. 

Exhibit VII.2 also sets forth pertinent load and 
capacity data for the electric systems in the East 
Central Region. This shows that of the 401 systems 
having a total annual non-coincident load of 34,249 
MW in 1965, the 19 electric systems included in 
ECAR had an annual non-coincident peak load of 
31,114 MW (about 90% of total) while the 382 
non-ECAR systems had an annual non-coincident 
peak load of 3,135 MW (about 10% of total). 

The Energy for Load data in Exhibit VII.2 is re- 
ported only for the larger systems which file data on 
FPC Form 12. Hence, no Energy for Load data ap- 
pears in the table for the smaller systems. The dif- 
ference between the Energy for System and Energy 
for Load columns is that Energy for System repre- 
sents the energy requirements of the electric system 
only, whereas Energy for Load includes energy 
delivered by the larger systems to the smaller. 

The annual system peak load data likewise in- 
cludes power delivered to the smaller systems by the 
major ones. Hence, since both the larger and smaller 
systems report the same power as part of their sys- 
tem peak, duplication results and the total non- 
coincident peak is greater than the actual regional 
peak. These data are shown in this matter so that the 
relative sizes of the systems can be ascertained. 


Recent Developments in the East Central 
Region Regarding Coordination for Relia- 
bility and Economy 


The following relatively recent events have had 
significant effects on coordination in the East Cen- 
tral Region: 

1. ECAR organized; 

2. Central Area Power Coordination group 
(CAPCO) reorganized; 

3. Indiana Pool expanded to Kentucky- 
Indiana Pool (KIP) ; 

4. Buckeye Project; 

5. Mergers and acquisitions. 


ECAR Organized 


On January 14, 1967, the following 23 electric 
utilities whose systems are directly or indirectly in- 
terconnected signed the East Central Area Relia- 
bility Coordination Agreement: Appalachian 
Power Company, The Cincinnati Gas & Electric 
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EXHIBIT VII.2 


Inventory of East Central Region Electric Systems (Systems’ Status Dec. 31, 1967; Data as of 
Dec. 31, 1965) 


Annual Installed 
Number of Energy for Energy for system generating 
EG EARS systems system load ! eak 2 capacity 
(MWB) (MWa) MW) (MW) 
In ECAR: 
Investon OWNCG ar = nice ren ae 18 176,972,744 182, 826, 772 30, 919 35, 172 
REATAnAnCed ecvciice ct eee ee eet eee 1 58, 000 901, 100 195 318 
MotalbingE CAR Mercure terete tieiere reenter: 19 177,030,744 183, 727, 872 31, 114 35, 490 
Not in ECAR: 
Municipals: 3 
Isolatedimrac cern sac eer tn ete chee ee re 27 1, 412, 523 1, 301, 037 293 473 
Interconnected: 
Without ceneratoren sei iariortme en cr 169 2, ZOU OB Que resorts ieee sts 529 XXX 
With own generatoriny ss 0. ae. ss 59 SST InI27 5, 352, 542 Us Al 1, 576 
‘Lotal municipals 4) jcc fas 1 cites > © 255 9, 542, 132 6, 653, 579 1, 993 2, 049 
REC’s: 
TSOl alec enmetce eee Renee ear CN aT a ere eee hsatetaln rea tat aie ee Paha Pins ioe mie ois ale a kel od iin uses Sarena Gore o4 
Interconnected: 
Without generators trieeeia-citicetiriore ake 103 A429 OB 2S Maeve cider rNe 1, 014 XXX 
availa) hel ks eereNores | Gage noouucaessounes 3 62, 320 341, 481 80 61 
Gta CE CraMer ey, prince ae aise tins «te nisi 106 4, 491, 402 341, 481 1, 094 61 
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Interconnected: 
WYItNOUL Generator... cc ce hic tee are aasciste 14 BON SO Jace teas me 17 XXX 
Withrow GeDer ator cas. ce. corsair nae 6 149, 078 148, 969 30 19 
protallinvestoniowned j-mis ose ciie eure 21 241, 683 148, 969 48 19 
fhotal@not ins CA Raw seme che hater: 382 14, 275,.217 7, 144, 029 35135 2129 
Grandstotalerts coe ee eee Oh eee 401 191,305,961 190, 871, 901 34, 249 37, 619 


1 Only systems which file FPC Form 12 report. 
* Non-coincident peak, including power reported in major 
systems’ peak which is delivered to small systems and there- 


Company, The Cleveland Electric Illuminating 
Company, Columbus and Southern Ohio Electric 
Company, Th Dayton Power and Light Com- 
pany, Duquesne Light Company, Indiana & Michi- 
gan Electric Company, Indiana-Kentucky Electric 
Corporation, Indianapolis Power & Light Company, 
Kentucky Power Company, Kentucky Utilities 
Company, Louisville Gas and Electric Company, 
Monongahela Power Company, Northern Indiana 
Public Service Company, Ohio Edison Company, 


fore duplicated in small systems’ reported peak. 


3 Includes state colleges. 
4 Supplied by industrial concerns. 


Ohio Power Company, Ohio Valley Electric Cor- 
poration, Pennsylvania Power Company, The Poto- 
mac Edison Company, Public Service Company of 
Indiana, Inc., Southern Indiana Gas and Electric 
Company, The Toledo Edison Company, and West 
Penn Power Company. Subsequently, East Ken- 
tucky Rural Electric Cooperative, Consumers Power 
Company, and The Detroit Edison Company be- 
came parties to the ECAR Agreement, so that 
ECAR now consists of 26 electric utilities (19 power 
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systems) in the East Central Region with a total in- 
stalled generating capability in excess of 40 million 
kilowatts as of December 31, 1967. 

The organization and duties of the Executive 
Board, Coordination Review Committee, Advisory 
Panels, and the Executive Manager are set forth in 
the ECAR Agreement dated August 1, 1967, and 
Supplemental Agreement dated October 20, 1967 
(Appendix VII-A). The ECAR Agreement was 
the result of efforts, during 1966, of members of 
the original CAPCO Group who saw the need for 
an organization whose sole purpose would be to fur- 
ther augment bulk power supply reliability of the 
electric systems in the East Central Region. The 
Federal Power Commission and staff have been 
kept informed of the organization, objectives, and 
progress of ECAR through discussions with repre- 
sentatives of the ECAR organization. The effect of 
ECAR on the enhancement of reliability of bulk 
power supply within the East Central Region is 
discussed in a subsequent part of this chapter con- 
cerning the goals of the power industry in the East 
Central Region, as well as in Chapter VIII of this 
report. 

CAPCO Reorganized 


On February 1, 1967, certain of the participating 
members of the original, informal Central Area Co- 
ordination Group (CAPCO) withdrew, thereby 
reducing the membership to five companies, namely, 
The Cleveland Electric Illuminating Company, 
Duquesne Light Company, Ohio Edison Company, 
Pennsylvania Power Company and The Toledo 
Edison Company. 

On September 14, 1967, these five companies 
signed a Memorandum of Understanding to co- 
ordinate the installation of generating capacity on 
the systems of the parties to: (1) further the relia- 
bility of bulk power supply through assurance of an 
adequate reserve generating capacity level with re- 
serve capacity coordination, (2) attain maximum 
economy, consistent with such reliability, by tak- 
ing advantage of the economies of scale which will 
be available, (3) share the resulting responsibilities 
and benefits on an equitable basis, and (4) provide 
a means for more effective coordination with other 
power pools and coordination groups. This arrange- 
ment is discussed further in the portion of this chap- 
ter concerning reliability and economics. 


KIP Established 


On May 31, 1967, a letter of intent was signed to 
create the Kentucky-Indiana Pool (KIP) by ex- 
pansion of the Indiana Pool, comprised of Public 
Service Company of Indiana, Inc., and Indianapolis 
Power & Light Company, to include the Kentucky 
Utilities Company. The Indiana Pool had been 
formed on April 30, 1964, with actual sharing of 
capacity commencing on May 1, 1967. The formal 
agreement to include Kentucky Utilities was signed 
on September 5, 1968. The Kentucky-Indiana Pool 
will commence to share capacity and coordinate op- 
erations on May 1, 1970, while carrying on plan- 
ning activities in the interim. The pool is designed 
to assure greater reliability of service and added 
economy in operation. 


Buckeye Project 


In June 1968 Buckeye Power, Inc., an organiza- 
tion of 27 rural electric cooperatives in the State 
of Ohio, purchased one of the two 615-MW gen- 
erating units at the Cardinal Plant from the Ohio 
Power Company. The 27 cooperatives receive their 
power from this unit through approximately 180 
delivery points from the systems of the following 
electric utilities in Ohio: The Cincinnati Gas & 
Electric Company, Columbus and Southern Ohio 
Electric Company, The Dayton Power and Light 
Company, Monongahela Power Company, Ohio 
Power Company, and The Toledo Edison Company. 
Seven of the cooperatives now being served by Ohio 
Edison Company will, commencing August 1970, 
purchase their power requirements from Ohio 
Power Company at the existing delivery points be- 
tween Ohio Edison and the cooperatives (and any 
additional delivery points provided for in the fu- 
ture). For this purpose Ohio Edison will purchase 
power from Ohio Power and sell the power re- 
quired to serve the cooperatives to Ohio Power at 
such delivery points. 


Acquisitions and Mergers 


The historical development of the vast majority 
of power systems shows that they are the result of 
consolidations and mergers. These are the power 
systems whose consumers today realize the economic 
benefits of size. Exhibit VII.3, which comprises a 
tabulation of acquisitions and mergers in the East 
Central Region for the 5-year period 1964 through 
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EXHIBIT VII.3 


East Central Region Acquisitions and Mergers (1964—68) 


Date of Number of 


Name of system acquiring Name of system acquired or merged event customers 
involved 
APS oe NG te cteks i ransvsbef aeusradesidtys Gumberlands\ alley Blec| Coc. peb cee ce miei ier 1964 6, 180 
Ford City Borough Municipal Light Plant....................... 1964 1, 800 
STOUMCESCOWN) ELOCIEIG CO's act chatanen ct arehe tlt eieets ten aiis Wieourae ar ape sve: anaes 1965 157 
Boroughot Brackenridge ven: sa ace eo ee Bee Te es 1966 1, 740 
Boroughvofsl arentu mes ters... sci ecay eer Crome aire verter heehee 1966 2, 860 
Pe BCom tite ac sheets a To 6 City, obWallardst OD16 sassean: « «5 seneuserache ewe ater iaes ahel wave aS biske aye 1965 2, 056 
‘Lownjor Albion wind neers... screens ease a eta eter ont 1966 123 
Vilage Or Paiicine, CORIO. « sicrareotat ees Veins Skea ctelis, ic) og © teats 1966 1, 256 
fhlowntot: WheelwrightuKy. .1n.)cerieme eee mt ete mee oan « s 1967 250 
Michigan!Gasr ec Blectric Co, i 0). Seam teat fc teas sate wan ees 1967 22, 389 
Consumers Pwr Co.......... Rogers: City: Power: Covey, «0. 0eeh oe ot tae eee eres Ses 1967 1023 
DaytoniP Sei Comes sem Bellefontaine Municipal Electric System..................2.-000- 1965 4, 651 
Duquesne ti Con er ceri SharpspureyborougoMunicipall Systertseer mere eiaiaen eee t- 1964 2, 130 
Borough of Aspinwall Municipal System.....................005 1966 1, 300 
INO SLNG SEO. CO.b ooo. es Nappanee GUITIEs COs nce on cis so pateat he eine te Berea os 658 4 ale cise 1966 2, 343 
Ohio Edison: Co 4 fos oe. oa.0s Lowellville*Mamicipal System. 4 a. ce. eee ee ee ene oe as te ee. 1965 660 
Broaindiang sates ee tag tek Grothersville-MunicipaliSystem 6) catia eck slaw la + Sietardlicle. «cele oie" 1964 641 
Rushvine Municipal System. : « « dapsspayer ceeniees te ieta chs slucys Iai « 1967 3, 300 
moe Ed Cok. st ees suis «cs Stryker: Municipal Systems... .1etl actag ies MER > akin oro ais 0 8g 9 oe 1963 495 
Clyde: Municipal: System a c-camiea st ani seins ea sols daa a8 a 1965 1, 680 


1968, inclusive, shows that these historical develop- 
ments are continuing. 

On January 22, 1968, American Electric Power 
Company announced an agreement covering the 
proposed acquisition of Columbus and Southern 
Ohio Electric Company through an exchange of 
common stock. Consummation of the agreement is 
subject to the approval of the Securities and Ex- 
change Commission and other legal requirements. 

On April 10, 1968, eight electric utilities in the 
East Central Region announced that they are study- 
ing the feasibility of the formation of a holding 
company and a corporation to provide centralized 
services for the resulting system. If and when such 
a plan has been formulated it will be subject to the 
approval of the SEC and other legal requirements. 
The companies participating in such studies are 
Cincinnati Gas & Electric Company, Cleveland 
Electric Illuminating Company, Dayton Power and 
Light Company, Duquesne Light Company, Ohio 
Edison Company, Pennsylvania Power Company, 
Toledo Edison Company, and Union Light, Heat 
and Power Company. 


Summary of Recent Developments 


The preceding developments involving ECAR, 
CAPCO, KIP, and Buckeye, as well as the acquisi- 


tions, mergers and other possible affiliations, show 
that the electric systems in the East Central Region 
are continuing, by various procedures and mech- 
anisms, to improve coordination so as to assure 
greater reliability and attain further economies. The 
diversity of approach used in these various efforts is 
a recognition of the range and complexity of inter- 
system coordination and the fact that no one co- 
ordination mechanism or approach provides a uni- 
versal solution. Specifically, it recognizes the need 
to separate reliability from economy on a regional 
basis and the ability to achieve available economies 
in specific undertakings by the joint participation 
of limited numbers of power supply entities. 


Coordination for Reliability and Economy 


The FPC guidelines of 2/21/67 state, “The efforts 
of various task forces and committees participating 
in the current updating of the National Power Sur- 
vey are premised on the assumption that goals for 
such electrical coordination will be achieved by 
1980. It is anticipated that the Regional Commit- 
tees will explore and report upon the general nature 
and extent that the general goal of full coordination 
may be attained through existing and developing 
opportunities for coordinated planning of transmis- 
sion, coordinated reserve generating capacity, co- 
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ordinated planning for the installation of optimum 
size generating units and coordinated operation of 
all installed facilities within each region as well as 
exploitation of all opportunities for inter-regional 
coordination.” 

“Full coordination,” as previously defined, could 
not be attained on a regional basis by 1980, even if 
it were deemed to be the desired objective, because 
it would not be possible to work out the multitude of 
changes in existing contractual arrangements, de- 
velop the many necessary new contractual responsi- 
bilities on a basis equitable to all parties and 
implement the new arrangements. The great diver- 
sity in types of ownership of electric systems in the 
East Central Region, their extensive variation in 
size and their geographical spread make it exceed- 
ingly difficult to envision that regional joint planning 
and operation, as proposed by the FPC guidelines, 
could be successfully undertaken. Reliability and 
economy have been, are, and will continue to be 
essential goals in electric power system planning 
and operations. The realization of these objectives 
on a realistic basis can be achieved by all systems 
through existing and contemplated arrangements 
of the type already established without the whole- 
sale application on a regional basis of the “full 
coordination” approach contemplated by the FPC 
guidelines. 

In order to achieve reliability and economy for 
all systems within a region, an approach is needed 
that will break these goals down into manageable 
pieces by handling bulk power supply reliability on 
a regional basis and realizing economies by pooling 
and other contractual arrangements within subdivi- 
sions of the region. This should be a continuing 
process as the facilities of the electric systems in the 
region are increased to meet future requirements. 
This approach is consistent with the sentence on 
Page 2 of the FPC guidelines which states, “Goals 
for achieving substantial investment and operating 
economies on a regional basis should be so estab- 
lished as to give first consideration to maintaining 


bulk power supply reliability.” 


Bulk Power Supply Reliability for the East 
Central Region 


The East Central Region constitutes an area of 
reasonable size (about 400 x 500 miles) and geo- 
graphical boundaries within which to achieve 
maximum reliability of bulk power supply. The or- 
ganizational arrangements and objectives set forth 


under the East Central Area Reliability Coordina- 
tion Agreement (ECAR) will provide the means 
to achieve this reliability. Geographically the 
East Central Region is covered by parties to the 
ECAR Agreement whose systems are interconnected 
directly or indirectly. The 19 electric systems in 
ECAR furnish substantially all of the electric energy 
in this region. The 382 electric systems in the region 
not a part of ECAR had a 1965 estimated require- 
ment of 14.3 billion kWh with an installed generat- 
ing capacity of 2.1 million kW, whereas the energy 
supplied by the ECAR systems in 1965 was 177 
billion kWh and the installed generating capacity 
was 35.5 million kW. A more detailed comparison 
is presented in Exhibit VII.2. The ECAR systems 
are strongly interconnected, having 79 interconnec- 
tions at 138 kV or higher between members of 
ECAR and 38 interconnections at this voltage or 
above to systems in contiguous areas of Pennsyl- 
vania, Maryland, Virginia, North Carolina, Ten- 
nessee, Illinois and the Province of Ontario. These 
transmission facilities are operated at 138 kV, 161 
kV, 230 kV, 345 kV, and 500 kV, with the initial 
segment of 765 kV just recently energized. 

The ECAR policy-making body is its Executive 
Board, comprised generally of the chief executives 
of member systems. Under the Executive Board is 
the Coordination Review Committee, the technical 
right arm of the Executive Board, whose members 
are those having the responsibility for planning 
and/or operation of their respective electric systems. 

Assisting the Coordination Review Committee 
are seven technical advisory panels, each consisting 
of seven members. These panels are concerned re- 
spectively with Transmission System Performance, 
Generation Reserves, Generation Facilities, Trans- 
mission Facilities, Protection, Operation, and Elec- 
trical Equipment. Panel membership is limited to 
seven to assure efficient working relationships in the 
carrying out of their assignments. Members are not 
selected to represent any specific systems or sub- 
areas of ECAR. They participate on the panels as 
representatives of the entire ECAR effort and their 
evaluation and recommendations represent what 
they consider to be in the best overall interest of 
ECAR. 

As need arises the Advisory Panels appoint small 
working groups to carry out more detailed assign- 
ments. To facilitate communication with the panels, 
systems not represented appoint liaison contacts. 

The Coordination Review Committee, in con- 
junction with each system, reviews and evaluates 
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such system’s planning of its generation and trans- 
mission facilities and other matters relevant to the 
reliability of the ECAR companies’ bulk power 
supply. This has to be done on a continuing basis. 

The agreement provides for an Executive Man- 
ager. The Executive Manager has such staff as his 
requirements dictate. Presently his staff includes 
two engineers, two technicians, and three secretaries. 
These people are full-time employees of ECAR. 

ECAR introduced in this region the concept of 
reviewing each system’s plans sufficiently in advance 
of their implementation so as to permit their modifi- 
cation, if modification be required, to assure reliabil- 
ity of bulk power supply. If a determination is 
made that a given addition to, or modification of, 
existing facilities would jeopardize the reliable oper- 
ation of the area as a whole, or any major part 
thereof, it is implicit that changes to make possible 
such reliable operation will be made in the design 
before the facility is built. Once the effect of pro- 
posed facilities on the reliability of ECAR’s bulk 
power supply has been determined, it is believed 
that self-discipline will require a member, or group 
of members, to comply with the recommendations 
of ECAR. 

Two points should be emphasized pertaining to 
matters with which ECAR is not now concerned 
nor plans to be concerned in the future. 

The first is that ECAR does not maintain an 
around-the-clock, 7-days-a-week staff. Its job is not 
the running of the power systems but rather the 
carrying out of studies and investigations to estab- 
lish principles and practices in order to assure ade- 
quate system performance in the future. The 
minute-by-minute operation of the systems remains 
in the hands of the present control and dispatching 
centers with only such daily assistance provided 
in the form of data on the area’s overall status as 
to enhance reliable operation. 

The second point is that ECAR is not a super- 
planning organization. It does not initiate plans, 
it reviews them solely from the standpoint of reli- 
ability of bulk power supply. Engineers most famil- 
iar with, and knowledgeable of, their respective sys- 
tem’s power requirements do the actual planning. 
They are the most capable and best informed to 
do this task. 

ECAR is an organization focused on the basic is- 
sue of reliable bulk power supply for the East Cen- 
tral Region. Its member systems have generation 
and transmission facilities that substantially affect 
the integrity of the bulk power supply, and have 


the technical resources and physical facilities which 
can make a contribution to the achievement of im- 
proved reliability within, and external to, the East 
Central Region. ECAR, by drawing upon the ex- 
perience of its membership, has either developed, 
or is developing policies, procedures, and criteria 
that permit it to review the bulk power supply plans 
of its members, simulate ECAR systems’ perform- 
ance, coordinate maintenance, provide spinning re- 
serve requirements for each system, and improve 
communication facilities between and among the 
systems. 


Interregional Coordination 


ECAR is one of the 12 major regional electric 
utility organizations which on June 1, 1968, estab- 
lished the National Electric Reliability Council 
(NERC). All classes of electric utilities, including 
federal, investor-owned rural electric cooperatives 
and municipal and state, are represented in the 
membership of the regional organizations consti- 


tuting NERC. 
Article 2 of the NERC agreement states its 
purpose: 
“2.01 The purpose of this Agreement is 


further to augment the reliability of bulk power 
supply in the electric utility systems of North 
America. 

To this end the Council will: 

(a) encourage and assist the development 
of interregional reliability arrange- 
ments among Regional Organizations 
or their members; 
exchange information with respect to 
planning and operating matters re- 
lating to the reliability of bulk power 
supply; 

(c) review periodically regional and in- 
terregional activities on reliability; 

(d) provide independent reviews of inter- 
regional matters referred to it by a 
Regional Organization; and 

(e) provide information, where appro- 
priate, to the Federal Power Com- 
mission and to other Federal agencies 
with respect to matters considered by 
the Council.” 

Each of the five regional organizations contiguous 
to ECAR is a member of NERC, namely, Mid- 
Atlantic Area Coordination Group (MAAC), 
Carolinas-Virginias Power Pool (CARVA), Ten- 
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nessee Valley Authority (TVA), Mid-America 
Interpool Network (MAIN), and Northeast Power 
Coordinating Council (NPCC). 

Exhibit VII.4 shows that the East Central Region 
is bounded on the east by the Mid-Atlantic Area 
Coordination Group (MAAC) and the Carolinas- 
Virginias Power Pool (CARVA) ; on the south by 
CARVA and the Tennessee Valley Authority 
(TVA) ; on the west by the Mid-America Interpool 
Network (MAIN) ; and on the north by the North- 
east Power Coordinating Council (NPCC). (The 
East Central Region is interconnected with Ontario 
Hydro, which in turn is a member of NPCC.) 

Coordination by electric power systems within 
the East Central Region with systems in the above 
contiguous regions is one form of interregional 
coordination. A number of the utilities on the 
periphery of the East Central Region have intercon- 
nections and agreements with contiguous electric 
systems in these other coordination areas. These 
agreements provide for coordination of planning 
and operation of generation and transmission facili- 
ties to improve reliability and to effect economic 
and emergency power transactions. Some of these 
arrangements provide for standing committees, such 
as planning and operating committees, to carry out 
the intent of the contracts. On the eastern boundary 
of the East Central Region, Cleveland Electric 
Illuminating Company and Allegheny Power Sys- 
tem have transmission facilities agreements with 

EXHIBIT MII.4 


EAST CENTRAL REGION AND 
CONTIGUOUS COORDINATING GROUPS 


CARVA — CAROLINAS-VIRGINIAS POWER POOL 
ECAR — EAST CENTRAL AREA RELIABILITY COORDINATION GROUP 
MAAC = MID-ATLANTIC AREA COORDINATION GROUP 
MAIN — MID-AMERICA INTERPOOL NETWORK 
NPCC — NORTHEAST POWER COORDINATING COUNCIL 
TVA — TENNESSEE VALLEY AUTHORITY 


certain utilities in the Pennsylvania-New Jersey- 
Maryland (PJM) Group and operating agreements 
with the PJM Group as a whole, and Allegheny 
Power System and Virginia Electric and Power 
Company have facilities and operating agreements. 
On the southern boundary of the region, the Ameri- 
can Electric Power Company (AEP), Kentucky 
Utilities, Louisville Gas & Electric Company, and 
East Kentucky RECC have arrangements with 
TVA, and AEP has interconnection agreements 
with Virginia Electric and Power Company, Caro- 
lina Power and Light Company, Duke Power Com- 
pany, and East Kentucky RECC; on the western 
boundary of the region, facilities and operating 
agreements exist between AEP and the Illinois- 
Missouri Companies (Il]-Mo), AEP and Common- 
wealth Edison Company, Public Service Company 
of Indiana and Ill-Mo, Kentucky Utilities and IIl- 
Mo, Kentucky Utilities and Electric Energy, Inc., 
and Northern Indiana Public Service Company and 
the Commonwealth Edison Company. The Michi- 
gan Companies (Consumers Power Co. and Detroit 
Edison Co.) have an agreement with Ontario Hy- 
dro which provides for the basic elements of inter- 
connection planning and coordinated operations. 
This agreement is being revised to broaden coor- 
dination between Michigan and Ontario. 

Inter-area coordination between ECAR and 
other areas is governed by the following provision 
of the ECAR Agreement: 


“ARTICLE 6 


“INTER-AREA COORDINATION 


“6.01 The parties recognize that attainment of their 
objectives requires continued cooperation between them 
and other companies outside the East Central Area and 
particularly cooperation between the parties hereto and 
companies outside the Area with whose systems they are 
directly interconnected. Accordingly, the ECA Companies 
will endeavor to bring about periodic reviews with co- 
ordinated areas contiguous to the East Central Area of 
generation and transmission expansion programs and sys- 
tems performance to the end of further augmenting reli- 
ability of bulk power supply for all. In this connection 
the parties will attempt to establish liaison arrangements 
between the Coordination Review Committee and author- 
ized groups in coordinated areas contiguous with the East 
Central Area.” 


In order to further implement Article 6 of the 
ECAR Agreement, the ECAR companies have en- 
tered into inter-area reliability coordination agree- 
ments with MAAC and CARVA and with NPCC, 
and an agreement is being prepared with TVA. 
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A liaison arrangement at present prevails with 
MAIN. These arrangements will not supersede the 
necessary system-to-system agreements already in 
effect which deal with reliability and economic mat- 
ters, but will provide an additional mechanism to 
assure adequate review and coordination on a for- 
mal basis of plans for the building and operation 
of major generation and transmission facilities that 
affect overall bulk power supply reliability between 
the areas. The existing arrangements between the 
contiguous systems on the periphery of the East 
Central Region provide the means to realize econ- 
omies from the coordinated planning and operation 
of generation and transmission facilities. It should 
be pointed out that the absence of formal inter- 
area reliability coordination agreements has not 
precluded inter-area investigation of mutual plan- 
ning and operating problems affecting reliability. 
Examples in this regard are discussed in Chapter 


VIII. 


Coordination for Economy Within Regional 
Subdivisions 


The preceding sections of this chapter, pertain- 
ing to “Bulk Power Supply Reliability for the East 
Central Region” and “Interregional Coordination,” 
have shown how bulk power supply reliability is 
being, and will be, achieved within the East Central 


Region and with other regions with which it is 
contiguous. This section will describe the arrange- 
ments presently existing in the East Central Region 
whereby economies from coordination are realized. 

Within the East Central Region there are regional 
subdivisions formed by holding company systems, 
pools, and planning groups, to realize economies 
within these subdivisions through separate contrac- 
tual arrangements between and/or among the par- 
ties directly concerned. Coordination arrangements, 
involving generation and/or transmission facilities 
by two or more electric systems to achieve such 
economies not attainable by each system separately, 
include holding company systems, planning and 
operating pools, planning groups, joint facility own- 
ership arrangements, operating agreements, and 
contracts for the purchase and sale of capacity and 
energy. 

Exhibit VII.5 identifies the present regional sub- 
divisions within the East Central Region by type 
and briefly compares the essential functions of each. 
Appendix VII-B contains detailed statements de- 
scribing these subdivisions. Exhibit VII.6 shows the 
size of these subdivisions based on the installed 
capacity and peak loads as of the end of 1968. 

In each regional subdivision the degree of co- 
ordination between its electric systems and the ben- 
efits presently derived vary with the type and size 
of the arrangement. The extent that economic ben- 
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East Central Region—Regional Subdivisions by Type and Function 
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1 Includes one system outside East Central Region. 
2 Possible. 
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EXHIBIT VII.6 
East Central Region—Regional Subdivisions-Capacity and Load (1968 Data) 
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1 These plus Commonwealth Edison constitute MIIO. 
Commonwealth not in Region. 

2 See reference to announced plan to study feasibility of 
forming holding company by these electric utilities. 


efits from coordination are realized in the East Cen- 
tral Region as a whole is indicated when it is known 
that the electric systems that constitute these sub- 
divisions own over 90% of the generating capacity 
in the region. 

Of the 401 electric systems in the region in 1967, 
only 27 were not interconnected with other systems 
and could not realize potential economic and cus- 
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een net cage eed, 1, 014 1, 161 
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ee ere eee 5, 388 4, 707 
<td Shs rane 3, 662 3, 180 
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3 See reference to announced acquisition by American 
Electric Power. 

4 Includes 18 distribution cooperative members. 

5 Hoosier has 220 MW of generation being installed 


tomer reliability benefits. In 1967 these 27 systems 
had 473 MW out of 37,619 MW of the installed 
generating capacity in the region, or 1.2%. Thus, 
98.8% of the generating capacity in the region was 
used to attain economic benefits and improved cus- 
tomer reliability. 

Those electric systems under one ownership may 
most readily realize the maximum benefits attain- 
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able for economy and service reliability. Depend- 
ing upon the extent to which individual systems 
coordinate their planning, construction, and opera- 
tion through various pooling arrangements, they 
also may realize reliability and benefits inherent in 
the economies of scale associated with large power 
generation and transmission facilities. Other coor- 
dinated arrangements may realize lesser benefits de- 
pending upon their objectives, types of management, 
and methods of planning and operation. Those 
systems which participate in pooling and facilities- 
planning groups may, because of the need for func- 
tioning through contractual arrangements, have a 
difficult task of equitably distributing obligations, 
benefits, and costs among the participants to in- 
sure that customers and owners of some systems do 
not subsidize those of others. 

The present groups and subdivisions in the East 
Central Region constitute manageable aggregates 
for economic coordination, taking into account the 
number of participating electric systems, their rela- 
tive sizes, their generation and transmission facili- 
ties and the locations of their service areas. How- 
ever, as technology develops new opportunities, 
utility managements should review existing coordi- 
nation arrangements to determine if they are satis- 
factory. For example, the participants in the 
CAPCO group and two systems in the CCD group 
are evaluating the additional benefits, over and 
above those of their present pooling arrangements, 
that may be derived through creation of a holding 
company system. 

The possibilities available to a particular electric 
system for realizing further benefits from economic 
coordination depend chiefly upon its present situa- 
tion as to size, location, generation and transmission 
facilities, ownership, and existing coordination ar- 
rangements. One or more of the following possi- 
bilities still are available to most electric systems in 
the region: 


1. Participate in mergers, acquisitions, or hold- 
ing company systems; 

2. Join a regional subdivision group; 

3. Become an indirect member of a regional 
subdivision group through agreement with 
a member and concurrence of other mem- 
bers; 

4. Negotiate agreements with a contiguous 
member of a regional subdivision group to 
do one or more of the following: 


. Purchase power for resale; 

. Dispatch generation jointly; 

. Coordinate maintenance; 

. Provide adequate reserves, installed and 
operating ; 

e. Join in ownership of generation or 

transmission facilities; 
f. Plan installation of facilities jointly. 


The Ohio Valley Electric Corporation (OVEC), 
Appendix VII-C, is an example of a slightly dif- 
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ferent type of coordination arrangement in which 
15 companies, in 1952, joined in large-scale con- 
struction of generation and transmission facilities 
to serve one customer, the gaseous diffusion plant of 
the Atomic Energy Commission north of Ports- 
mouth, Ohio. 

Yankee-Dixie Power, Incorporated, a power sys- 
tems development corporation, was organized in 
1965. It is a federation of municipal electric systems, 
rural electric cooperatives, and investor-owned 
utilities operating in 22 eastern and central states. 
Its purpose 1s to bring the economic and service ben- 
efits of scale and technology to each system to a de- 
gree attainable only through joint action. 

The objectives of Yankee-Dixie are being pursued 
through engineering, legal, and finance studies lead- 
ing to several large, mine-mouth thermal, hydro, 
and nuclear-powered generating stations, intercon- 
nected by EHV lines which will also deliver whole- 
sale power to regional load centers for distribution to 
retail systems. Financing is proposed through reve- 
nue bonds supported by long-term power contracts 
for the sale of power and use of facilities. 

The final plan is expected to offer both economic 
and reliability benefits to all systems in the proposed 
area to such an extent that those systems not now 
represented in Yankee-Dixie will in fact participate 
and benefit. The Central Section of Yankee-Dixie, 
consisting of Illinois, Indiana, Kentucky, North 
Carolina, and Virginia, is anticipating operation 
status in 1974, with other areas to follow. 

The affairs of the corporation are conducted 
through a 30-member board of directors represent- 
ing the systems 'in the 22 states. An office for admin- 
istrative, planning and coordinating services is main- 
tained in Winchester, Kentucky. 

Appendix VII-D lists the membership in Yankee- 
Dixie Power, Inc., of systems within the East Cen- 
tral Region. 
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Coordination Between Regional 
Subdivisions 


Coordination among the regional subdivisions, 
involving both reliability and economy, has been in 
effect in this region for many years. The systems 
forming these subdivisions develop plans for gen- 
eration and major transmission to meet their in- 
dividual need and those of the subdivision and to 
obtain economies of scale. Since the establishment 
of ECAR, these plans are then submitted to ECAR 
where they are assessed against established criteria 
for reliability. 

Contractual relationships involving two or more 
separate regional subdivisions are between adjacent 
systems on a system-to-system or company-to-com- 
pany basis. These contracts cover the purchase and 
sale of energy and capacity and the facilities ar- 
rangements required to permit such economic trans- 
actions at adequate levels of reliability. 


Conclusion 


The latter portions of this chapter have described 
how bulk power supply reliability in the East Cen- 
tral Region is being maintained and further aug- 
mented on a regional and interregional basis and 
how economies and service reliability are and can 
be realized within subdivisions of the region and 
between contiguous electric systems which may or 
may not be members of pools or groups. This con- 
cept is sound and is working throughout this region. 
It embodies good organizational principles and 
keeps the responsibility for management decisions 
with those legally charged with the operation of 
each electric system. Under this concept all electric 
utilities in the East Central Region whose operations 
affect reliability of bulk power supply, regardless 
of ownership, can be interconnected to achieve 
economies and improve service reliability. 
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CHAPTER VIII 
RELIABILITY 


The paramount importance of reliability of elec- 
tric bulk power supply has long been recognized in 
the East Central Region. This is evidenced by three 
basic characteristics of the region’s major power 
supply facilities as they have evolved through 
the past decades and as they exist today, namely, 
(1) the extent of high-voltage and extra-high volt- 
age transmission, (2) the number and capacity of 
interconnections among separate utilities within 
the region and between this region and contiguous 
areas, and (3) the geographical distribution of its 
generating plants. While the East Central Region 
is fortunate to some extent in terms of its geograph- 
ical location which permits the development of in- 
terconnections to the east, west and south, and while 
the region is favored by fairly widely distributed 
coal resources to supply its generating plants, it is 
the extensive development of its transmission fa- 
cilities to integrate loads and resources that, along 
with adequate installed generating capacity, assures 
its high degree of built-in reliability. 


Basis for Reliability 


Electric bulk power system reliability must have 
as its basis the adequate planning of facilities, their 
proper maintenance, and their prudent operation. 
This requires the extensive study and analysis of 
alternative programs of system additions before 
construction, including the simulated testing of 
their expected performance under all possible 
conditions. It also requires the establishment of pro- 
cedures and programs to assure adequate main- 
tenance of power supply facilities and the setting 
up of proper guidelines for system operation. The 
remainder of this chapter summarizes how these 
objectives have been met in the past and are now 
being met by a group of systems under the East Cen- 
tral Area Reliability (ECAR) Agreement. 


Power System Simulation Studies 


Simulation studies to duplicate the real-time 
steady-state and dynamic performance of power 
systems through the use of mathematical models 
have for some years provided the basis for planning 
reliable power systems and for furnishing the guide- 
lines for their safe operation. In the East Central 
Region these studies may be grouped into four 
broad categories: (1) internal system studies by 
individual utilities or power pools, (2) interconnec- 
tion studies among two or more utilities, (3) multi- 
system studies covering extensive “areas, and (4) 
regional studies carried out by ECAR. 

The East Central Region has a long history of 
studies, particularly of the first three types. The 
many interconnections in this region are essentially 
the product of such studies. Multi-system studies 
also have been frequently carried out in past years. 
Probably the earliest studies of this type (1950 on- 
ward) were those necessitated by the planning and 
subsequent operation of the power supply facilities 
of the Ohio Valley Electric Corporation (OVEC), 
comprising two major power plants (2,354 MW) 
and 775 circuit-miles of 345-kV transmission line, 
to supply the Atomic Energy Commission’s diffusion 
plant near Portsmouth, Ohio. Since the OVEC 
project involved 15 operating entities (10 power 
systems) , extensive coordinated studies of the com- 
bined systems, extending over much of the region, 
were required. 

Other examples of multi-system studies include 
those conducted by the Michigan-Indiana-lIllinois- 
Ohio (MIIO) group of six interconnected utility 
systems. These studies led to the creation of the 
Michigan 345-kV ties with Indiana and Ohio 
which were placed in operation in 1969. A perma- 
nent committee, called for under the MIIO agree- 
ment, provides a continuing mechanism for 
planning and assessing future facilities of common 
concern to these systems. Extensive operating studies 
of anticipated performance of the combined sys- 
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tems affected by the closing of a major transmis- 
sion loop around Lake Ontario and involving the 
MIIO systems, Ontario Hydro, and pertinent New 
York State, Pennsylvania, and other Ohio utilities, 
also have been carried out. 

Studies similar to the above are continually un- 
derway among contiguous utilities along the bound- 
aries of the East Central, Northeast and Southeast 
regions. These analyses are conducted under the 
auspices of a permanent committee representing 
the participating utilities. This effort involves both 
the projection of future transmission facilities and 
the development of guidelines for their operation. 

Extensive studies, either on a continuous or regu- 
lar periodic basis, have been conducted for many 
years between utilities in the East Central Region 
and their counterparts in the Carolinas-Virginias 
and Illinois-Missouri areas as well as with the TVA 
system. The many high-capacity interconnections 
already in operation or scheduled for the immediate 
future are the product of these studies. 

The great volume and extent of power system 
analyses and simulation studies, referred to above, 
demonstrate the degree of coordinated planning 
which has been carried out in the East Central 
Region, not only to assure optimum system design, 
but also to provide a reliable transmission network 
and the guidelines for its operation. 


East Central Area Reliability (ECAR) 
Agreement 


ECAR was established in early 1967 in recogni- 
tion of the need to further augment bulk power 
system reliability through an organization totally 
committed to this purpose. It was recognized that 
a higher degree of coordination on a more formal- 
ized basis was necessary because of several factors 
such as, the rapid growth in scale and complexity of 
power systems; the accelerated adoption of EHV 
transmission at 345 kV, 500 kV and now 765 kV 
with its substantial effect in reducting “electrical 
distance” between once remote portions of an inter- 
connected network; and the growing interdepend- 
ence among power systems and their interaction 
upon each other as a consequence of increased 
interconnection. 

The ECAR Agreement has as its stated purpose 
“, . . further to augment reliability of the parties’ 
bulk power supply through coordination of the 
parties’ planning and operation of their generation 
and transmission facilities.”” The agreement calls for 


the establishment of “principles and procedures 
with respect to matters affecting the reliability of 
bulk power supply, including but not limited to, 
minimum installed capacity and spinning reserves 
to be provided by each party by ownership or con- 
tract, the distribution of spinning reserves, coordi- 
nation of generation and transmission maintenance, 
emergency measures, communications, protection, 
and the evaluation and simulated testing of systems’ 
performance.” It also recognizes the importance of 
interregional coordination by calling for “periodic 
reviews with coordinated areas contiguous to the 
East Central Area of generation and transmission 
expansion programs and system performance to the 
end of further augmenting reliability of bulk power 
supply for all.” 

ECAR comprises 26 operating utilities (19 sys- 
tems) which collectively furnish approximately 
95% of the power requirements in the East Central 
Region. 

The ECAR organization comprises an Executive 
Board of one representative from each of 19 systems, 
a Coordination Review Committee (engineering 
and operation) with similar representation, seven 
advisory panels of seven experts, chosen for exper- 
tise in their respective areas, and a permanent staff 
consisting at present of an Executive Manager, two 
engineers, two engineering assistants, and three sec- 
retarial and clerical personnel. Appendix VIII-A 
shows the ECAR organization. 

Since its inception, ECAR has adopted criteria 
and procedures in the following areas, all of which 
are fundamentally essential to reliability: 


(1) For evaluation and simulated testing 
of ECAR bulk power supply systems—ECAR 
Document No. 1—Appendix VIII-B. 

(2) For daily operating reserve—ECAR 
Document No. 2—Appendix VIII-C. 

(3) For emergency procedures during 
declining system frequency —ECAR Document 
No. 3—Appendix VIII-D. 

(4) For uniform rating of generating equip- 
ment—ECAR Document No. 4—Appendix 
VIII-E. 

Criteria and procedures in other areas relating to 
reliability such as required installed reserves, are 
under preparation. 

In addition, ECAR has installed a high-spee 
teletype network connecting all system control cen- 
ters and the ECAR Executive Office to permit the 
rapid communication on a daily basis of system data 
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and important operating information such as system 
load and generation in operation and under mainte- 
nance, major generation or transmission line out- 
ages, and other essential data. Reporting procedures 
have been set up regarding the status of generation 
and transmission under construction. Compilations 
of anticipated load, installed generation, mainte- 
nance schedules, capacity reserves, and interchange 
transactions are maintained on a periodically up- 
dated basis up to 2 years in advance. Reports on 
anticipated generation and transmission conditions 
and critical transmission facility lists are issued semi- 
annually, based on extensive simulation study and 
analysis. Future system plans are compiled and 
reviewed for adequacy. 


Reliability—lIts Future Implementation 


The continued achievement of bulk power supply 
reliability in the East Central Region rests, first, 
on each major power system providing the neces- 
sary physical facilities and, second, on the assurance 
that the addition of such facilities will contribute to 
and not detract from the overall reliability of the 
interconnected network. Regional coordination, as 
exemplified in ECAR, provides the mechanism for 
the continued achievement of these objectives. 
ECAR’s participation in the activities of the Na- 
tional Electric Reliability Council (NERC) assures 
effective coordination of its efforts with those of 
other similar regions. 
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CHAPTER IX 
ENVIRONMENTAL CONSIDERATIONS 


In recent years, an increasingly deep concern 
regarding the environment and aesthetics of our 
cities, suburbs, and rural areas has been building up 
among responsible citizens in government, business, 
educational institutions, and within the public at 
large. This concern is well founded, since our soci- 
ety—while enjoying the many fruits of a growing 
economy—cannot allow through lack of foresight 
and advance planning the uncontrolled encroach- 
ment of a technological civilization on its natural 
environment. This is particularly true in those 
instances where the changes introduced by the grow- 
ing needs of an industrial economy could endanger 
in an irreversible manner the inherent balancing 
processes of nature. 

The electric power industry shares with society 
at large its concern for the protection and preserva- 
tion of our environment. It has a great stake in the 
social and physical well-being of its communities. 
It is dedicating itself with increasing determination 
to improving the appearance of power supply facili- 
ties and to reducing, to the fullest extent practicable, 
any adverse impact which they might have on the 
environment. At the same time, the electric power 
industry is fully aware of the extent to which the 
vitality and the well-being of the nation depends on 
the ample supply of reliable, low-cost electric power. 

In considering the preservation of our environ- 
ment, the challenge for the years ahead lies—in the 
face of a growing population demanding ever higher 
standards of living—in finding the proper balance 
between the social objectives of improved aesthetics 
and environment on the one hand and further ad- 
vances in our economic well-being on the other 
hand. It must be recognized that these two objec- 
tives in many instances are in conflict. We cannot 
maintain or continue to develop an ever higher 
standard of economic affluence without accepting 
some of the tangible and sometimes not too attrac- 
tive physical evidences of a highly industrialized 
economy, such as highways, automobiles, airports, 
steel mills, refineries, chemical plants, as well as 


transmission lines and generating plants. In the area 
of electric power supply, the challenge for the gov- 
ernmental and regulatory agencies, the electric 
power industry, and the public at large lies, there- 
fore, in searching for and finding a reasonable bal- 
ance between two valid concerns—the one, low- 
cost electric energy to be supplied, and the other, 
the environment to be protected. 


Introduction 


The environmental problems of electric power 
supply have many ramifications. They can be classi- 
fied into three broad areas, namely: 


1. Air pollution, due to particulate and gas- 
eous emissions from power plants into the 
the atmosphere; 

2. Water pollution, a term which, when related 
to power plants, is used to describe the prob- 
lem of heat released into natural bodies of 
water or into streams, and 

3. Aesthetic considerations, which involve the 
appearance of power plants, transmission 
lines, and substations. 


Unfortunately, these problems are not entirely 
separate from each other and the solutions, required 
to conform to regulations issued for their separate 
correction, are sometimes mutually exclusive. Thus, 
steps to minimize gaseous pollution may well in- 


crease the particulate emission in a specific case. 


Likewise, the use of hyperbolic cooling towers to 
overcome thermal pollution on a small stream may 
be considered by some to be aesthetically objec- 
tionable. 

Environmental problems involve more than the 
environment. They involve people, and the priorities 
that people assign to different changes in that en- 
vironment. In the field of biology and health, 
changes may occur slowly or swiftly, and the results 
of the changes may be reversible or not. Particularly 
in matters of health, the public rightly desires to 
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avoid irreversible changes of a harmful nature. This 

normal and proper desire to prevent irreversible 
changes unfortunately has produced, in some in- 
stances, public pressure for limits that are far lower 
than can be justified by any present knowledge of 
the health effects due to long-term low-level 
exposure. 


Air Pollution 
Particulates 


The problem of the emission of particulate matter 
from power plants is an old one. For at least 45 years 
both mechanical collectors and electrostatic precipi- 
tators have been used to minimize such emissions 
when coal is burned as pulverized fuel. Originally 
mechanical collectors were used alone or in combi- 
nation with electrostatic precipitators, but in the 
past ten years there has been a trend to rely entirely 
on large electrostatic precipitators. In early appli- 
cations the collection of particulate matter was not 
highly efficient, even though the inherent techno- 
logical capability was available. As shown in a paper 
by W. W. Moore at the Third National Conference 
on Air Pollution, Washington, D.C., December 
1966, the situation has now changed to the extent 
that the utility industry has almost completely 
closed the gap between the technological capability 
of precipitators and the guaranteed efficiency of 
newly installed dust-collecting equipment. The 
dramatic way in which current practice has caught 
up with technology can be seen in Exhibit IX.1. 
Virtually all collectors are now being purchased 
with efficiencies in the 97% to 99% plus range. By 
employing generous design and allowing for some 
inadequacy in the knowledge of the resistivity of 
many fly ashes, there is at hand an adequate tech- 
nology to cope with the emission of particulates. 
Some present research suggests that particulates 
may be the triggering mechanism in creating prob- 
lems from the gaseous emissions; it is therefore 
fortunate that precipitator technology is able to deal 
effectively with the particulates. 

Regulations dealing with the emission of particu- 
late matter have greatly increased in severity during 
the past twenty years. This can readily be seen from 
Exhibit IX.2. New plants can be, and are, designed 
to meet such regulations as are in force at the time 
they go into service. When new regulations are 
promulgated they frequently allow for emission of 
about 25% more material from existing plants than 
from new units. However, in view of the very strict 
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limits being applied to new units, a 25% allowance 
for existing plants quite often results in requiring 
the total replacement of their dust-collecting 
equipment. 

As an example, a unit built prior to 1949, and 
emitting slightly more than one pound of ash per 
million Btu input, must be modified to meet a code 
where a new plant is restricted to 0.19 pounds per 
million Btu input, and the existing units are allowed 
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0.25 pounds. The required electrostatic collector, to 
reach the 0.25 figure allowed for old plants, will be 
so large that structural changes required will not 
permit their erection within the confines of the exist- 
ing structure. Since precipitators are very sensitive 
to the approach configuration of the ducts, it be- 
comes a major problem to achieve the required high 
efficiency when space for new duct work is severely 
limited. 

The more effective the collection of the particu- 
late matter, the greater becomes the problem of stor- 
ing the collected fly ash. While in some cases this 
material can be barged to sea and disposed of, and 
in other cases it can be deposited behind diked-off 
area adjacent to the power plant, neither of these 
solutions is entirely adequate or desirable from an 
environmental standpoint. A really satisfactory solu- 
tion would be to find a major economic use, or uses, 
for fly ash beyond any which is presently foreseen. 
Thus, fly ash would not be discarded but become 
part of some material or device having an economic 
value of its own. In view of the years spent in trying 
to develop bulk markets for fly ash, and the limited 
success in doing so, this goal may seem beyond 
reach. However, the formation of the National Ash 


Association within the last two years shows that the 
utility industry has not abandoned hope for creat- 
ing a sizeable market for this waste product. The 
magnitude of this problem can be seen from the 
national figures on ash production and ash use for 
the year 1968, as given in Exhibits IX.3 and IX.4. 


EXHIBIT 1IX.3 


Ash Collected and Utilized by Utilities in the 
U.S.A. for Year 1968 
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EXHIBIT 1X.4 
Major Methods of Utilizing Ash for Year 1968 
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Inclusion of fly ash in concrete, and of boiler slag 
in road surfacing mixtures, has proven highly bene- 
ficial. In some areas, however, outmoded regula- 
tions prohibit the use of such materials in state high- 
ways. Rescinding these regulations would provide 
further useful ways in which to dispose of consider- 
able tonnages of these materials. 


Gaseous Emissions 


At the present time two gaseous emissions from 
power plants are under serious study—sulfur dioxide 
(SO.,) and the nitrogen oxides. Because of sulfur 
dioxide’s connection with copper smelters and the 
undoubted damage done to forest trees by smelter 
fumes, it has been studied for a much longer time. 
Even so, its health effects and true role in air pol- 
lution are not well established. A great deal of fur- 
ther work needs to be done to prove that some of 
the very low SOg limits now being legislated are 
necessary. In this regard, the Dutch Report G—300, 
“Sulfur Dioxide—To What Level Is It Acceptable?” 
prepared by Brasser, Joosting and van Suilen, 
should be referred to, since its conclusions are con- 
siderably at variance with those published in 1967 
by the U.S. Department of Health, Education, and 
Welfare. 

In order to clarify the health effects of gaseous 
emissions from power plants, the Edison Electric 
Institute in 1966 commissioned Hazleton Labora- 
tories, Inc., to make a thorough test of the physio- 
logical effects of sulfur oxides and fly ash, both 
singly and in combination. This is a fairly long- 
term experiment using concentrations of fly ash and 
sulfur oxides such as might be found under rather 
bad metropolitan conditions. The work will extend 
over a period of at least 5 or 6 years, and is expected 
to provide very useful data. The budgeted cost of 
this project is $2.2 million. 

In addition to this research project Edison Elec- 
tric Institute has had one or more other projects 
related to air pollution underway since 1958. These 
include: 


a) 1958-1966—A project for sulfur removal 
from coal. 

b) 1958-1964—Early work on catalytic oxida- 
tion of SO, in stack gases, to recover sul- 
furic acid. 

c) 1960-1966—A study of stack plume opacity, 
co-sponsored by the U.S. Public Health 
Service. 


d 


— 


1963-1966—A project on utilization of fly 

ash. 

e) 1966-1970—Second project to remove sul- 
fur from coal. 

f) 1966-1970—Project on the fate of SO, in 

stack plumes, co-sponsored with others. 


Aside from the clean air research done under the 
Edison Electric Institute’s sponsorship, many utili- 
ties are committed to significant programs of their 
own aimed at SO, removal from stack gases. Also, 
many utilities now monitor SO, concentrations 
around power plants and much helpful data for 
checking diffusion equations can be obtained in 
this fashion. 

Since much of the coal in the East Central Region 
has relatively high sulfur content and many existing 
boilers were designed to take advantage of other 
properties of the local fuel, such as low ash fusion 
temperature, it becomes very difficult to convert 
such plants to low sulfur fuel even if it were avail- 
able at a reasonable price. A study by the Battelle 
Memorial Institute of Columbus, Ohio, has investi- 
gated the cost effect of trying to convert all boilers 
in the State of Ohio to burn the fuel recommended 
at the Vienna, West Virginia, Abatement Hearing 
in 1967. This study will be released shortly and 
should be meaningful. 

Since there are, at present, no effective methods 
for SO, removal, and low sulfur coal in many in- 
stances is prohibitively expensive, tall stacks have 
proved to be the most satisfactory way to achieve 
low ground-level SO, concentrations. Tall stacks 
provide an effective interim solution, pending the 
development of satisfactory SO, removal techniques. 

One means of improving the disposal of stack 
gases from large power plants is to concentrate all 
of the gas in a single stack. This provides a sub- 
stantial increase in the rise of the hot gases after 
they leave the stack and, for a given stack height, 
results in a lower ground level concentration of 
SO, and of all other effluent gases. 


Water Pollution 


Neither fossil nor nuclear power plants need to 
create water pollution in terms of discharging sew- 
age or industrial waste into streams or lakes. All 
steam-electric plants, however, must discharge 
waste heat into the environment, This waste heat, 
given up by steam in the power plant condensers, is 
first absorbed by the flow of cooling water and then 
discharged into the lake, stream, or river located in 
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the proximity of the plant. This discharge of waste 
heat results in an increase in the temperature of 
water receiving the discharge. Eventually, all waste 
heat is dissipated into the atmosphere. 

Available knowledge is not sufficient to establish 
with any degree of certainty the effect of increased 
water temperature on the aquatic life of a lake or 
stream. While one of the effects of higher water 
temperature is an increase in the rate of biochemical 
processes on the one hand and a reduction in the 
amount of oxygen dissolved in the water on the 
other hand, the overall impact of higher water tem- 
perature depends in each instance on a variety of 
additional factors, including climatic conditions, the 
type of existing aquatic life, the extent of chemical 
and organic pollution already present, and many 
others. Depending on circumstances, the effect of 
increased water temperature may be beneficial or 
detrimental. Thus, adverse public reaction to the 
thermal effects of nuclear and fossil-fuel power 
plants is oftentimes based on misinformation. Ex- 
tensive additional research is needed in this area, 
so as to avoid the imposition of unduly stringent, 
restrictive, and costly regulations in this regard. 

While additional research is needed to determine 
the effect of higher water temperatures on aquatic 
life for a wide range of conditions, it appears cer- 
tain that in many instances the extent of waste heat 
discharge from thermal power plants into lakes and 
streams will need to be limited in the years ahead. 
This is particularly so when one considers the in- 
creasingly large number of power plants that, over 
the years, will need to draw upon the same limited 
amount of naturally available cooling water. 

It is reasonable to assume, therefore, that some 
form of cooling tower, either the induced draft type 
or the natural draft hyperbolic type, will need to 
be used on most future power plants built on the 
rivers and streams in the East Central Region. The 
capital cost of hyperbolic towers is very close to $5/ 
kW, with the induced draft type somewhat lower. 
Evaluation of load factor, power costs, terrain con- 
ditions contiguous to the plant and meteorological 
factors must be carefully made to choose the proper 
tower for any specific site. 

Considerable speculation continues concerning 
dry-type cooling towers, including the Heller System, 
direct condensation in finned tubes, and a two-fluid 
cycle consisting of steam and some refrigerant gas 
such as F—12 or F—21 for the last few stages. This 
might avoid freezing problems with the direct con- 
densing surface, which would otherwise be a con- 


stant winter hazard. Some work is being done on 
components for dry towers, but no refined estimate 
of costs per kW for a dry tower is available. 


Aesthetics 


Power plants vary widely in the aesthetic im- 
pression they make on the viewer. Sound architec- 
sural treatment to insure some blending and balance 
between areas, colors and texture of the various sur- 
faces can contribute greatly to their appearance. As 
electrostatic precipitators have increased in eff- 
ciency, the appearance of the stack plume has im- 
proved and at present, in modern plants, is barely 
detectable when they are at full load. Unfortunately, 
this is often not the case during start-up periods, and 
precipitator manufacturers are being pressed to find 
means to operate the dust-collecting equipment dur- 
ing these periods. 

There has been some objection to the appearance 
of hyperbolic cooling towers both in this country and 
in England. These objections might be overcome to 
some extent if the public understood that this is a 
device used to improve the environment. While in 
England there have been efforts to camouflage hy- 
perbolic cooling towers, in this country those towers 
erected thus far have been left without embellish- 
ment of any kind. American practice accentuates the 
clean lines and functional nature of the device, 
which is probably the best way to handle the appear- 
ance problem. 

It has been suggested in the past that high-volt- 
age transmission lines should be placed under- 
ground to improve the aesthetic appearance of the 
environment. The technological and economic im- 
possibility of underground high-voltage transmis- 
sion has been clearly pointed out by several recent 
reports, including those of Citizens Advisory Com- 
mittee, the Electric Utility Industry Task Force on 
Environment, and the Working Committee on Util- 
ities of the President’s Council on Recreation and 
Natural Beauty. High-voltage transmission lines, 
therefore, will need to remain a part of our envi- 
ronmental scene just as highways, railways and 
other essential elements of our technological civili- 
zation. Transmission lines, in some instances, can 
be routed to take advantage of topographical fea- 
tures and thereby be less visible. Good practice 
during and following the construction period will 
preserve essential ground cover. Use of higher 
transmission voltages, now available to the industry, 
will reduce the number of lines radiating from a 
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major power center, thereby contributing to an im- 
proved aesthetic effect. New designs of both trans- 
mission towers and distribution poles have been 
proposed in recent years and are finding application 
in the East Central Region. 


The appearance of substations can be improved 
through judicious site selection, low profile, care- 
fully selected color schemes for equipment struc- 
tures and control houses, landscaping, and—for 
lower-voltage stations—some fence line screening. 
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CHAPTER X 
PATTERNS OF GENERATION AND TRANSMISSION 


Prior chapters in this report have examined the 
basic parameters that go into the formulation of a 
program of generation and transmission to meet 
projected load levels in the East Central Region. 
These load levels have been estimated at approxi- 
mately 45,000 MW,* 83,000 MW,? 150,000 MW,” 
in the years 1970, 1980, and 1990, respectively. 

Bulk power supply facilities to meet the 1970 load 
requirements have already been committed and are 
now nearing completion. Similarly, generation and 
transmission plans for the first half of the decade 
1971-1980 are either committed or in an advanced 
stage of planning. On this basis, the overall power 
systems’ configuration for 1980, as described herein, 
may be considered as fairly indicative of the pattern 
of expansion which will be followed by the utilities 
in the region during the next decade. It is the 
period 1981-1990 which must be considered more 
speculative. This is particularly true in an industry 
such as that of electric power supply which is char- 
acterized by rapid technological change and devel- 
opment. It is with full recognition of the uncertain- 
ties of the future, both in terms of the amount and 
geographical distribution of electric power require- 
ments and in terms of the facilities best able to meet 
those requirements, that the 1981-1990 program 
outlined below is given as one possible pattern for 
generation and transmission expansion. Undoubt- 
edly, other alternative programs will require future 
consideration. 


The 1970 System 


Generation 


By 1970, the installed generating capacity within 
the East Central Region will total slightly in excess 
of 55,000 MW. Of this total, approximately 92% 
will be fossil-fired, 2% will be nuclear, and the re- 


* These load levels were developed by the Task Force on 
Patterns of Generation and Transmission and average 
about 3% greater than those given in Chapter II. 


maining 6% will constitute other forms of genera- 
tion, such as pumped storage, hydro and various 
types of fossil-fired peaking capacity. As previously 
pointed out, the vast bulk of the fossil-fired genera- 
tion will draw upon the region’s extensive coal re- 
sources. The nuclear generation in service will in- 
clude: Palisades—770 MW; Shippingport—100 
MW;; Big Rock—70 MW;; and Fermi—61 MW. 

The distribution by unit size of thermal genera- 
tion in service by 1970 is shown in Exhibit X.1. As 
seen from this exhibit, about 70% of the total ther- 
mal generation installed in the region will be in 
units of 300-MW size and smaller, with units in the 
0-100-MW and 101—200-MW categories each ac- 
counting for about 25% of the total. Of those units 
with ratings greater than 300 MW, sizes in the 501— 
600-MW and 601-700-MW categories will ac- 
count for about 15% of the total thermal capacity 
in the region. This exhibit reflects the growing trend 
during the past several years toward larger unit 
sizes in order to take advantage of inherent econ- 
omies of scale. Approximately 90% of all new ther- 
mal capacity installed during the 1966-1970 period 
are in sizes greater than 400 MW, with units in 
the 501-600-MW category accounting for about 
one-third of all new installations. The map in- 
cluded at the back of this report, depicting the com- 
bined 1970 systems in the East Central Region, 
gives the location of all generation, existing and 
planned for service by 1970. In addition, Exhibit 
X.2 shows location by FPC Power Supply Areas 
(PSA’s), together with a breakdown by size and 
type of unit. 

Transmission 


In 1970, the major bulk transmission systems in 
the region will be at 230 kV, 345 kV and 500 kV, 
with several major lines at 765 kV already in opera- 
tion. The 230-kV transmission is centered exclu- 
sively in-Indiana. The EHV network, comprising 
345-kV and higher voltages and amounting to ap- 
proximately 6,000 circuit-miles of transmission line, 
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EXHIBIT X.1 
EAST CENTRAL REGION 
PERCENT DISTRIBUTION OF STEAM GENERATING CAPACITY 
BY UNIT CLASS IN SERVICE ATEND OF YEAR 
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EXHIBIT X.2 


FPC-East Central Region—Patterns of Generation and Transmission 


Generating Capacity in Megawatts 


Source of capacity (MW) PSA 7 PSA 8 PSA 9 PSA 10 PSA11 PSA12 PSA 19 Total 
region 
1970 
Fossil units: 
O=400 - ese acon ohne eee 3, 654 2, 043 8, 385 2, 675 7,908 10, 938 1, 570 BY EES: 
401-800 Joo cee EE 2, 766 625 SrA 1250 Ge 3840405. 13, 129 
Lotal sere), hes ae eae 6, 420 3,028 11, 656 3, 925 9, 721 14, 342 1, 570 50, 662 
Nuclear units: 
O—40ON Fence ee See acre ae TOO ete Sccae oe co ee eae eee DA te ee Ie eet ahi, SN iy oc 333 
AOI=BOG hoes he a cate sae boca cake ar ie te een baie er a ton a Peer eras ee eae ae 100 Freee Ce ee 700 
Totals tack. ce ot eae rie VOOR he athon ce ee ees O33 ara tapaheee eee 1, 033 
Otherunits -25050 4. ae ee eee Pz 380 303 663 1, 174 890 38 3, 520 
FLotali Capacity ons she cos ae toe es 6, 592 3,408 11,959 4,588 11,828 15, 232 1, 608 55325 
1980 
Fossil units: 
O=40G Be te nett Sa oes cor ore 3, 654 2, 403 8, 385 2, 675 7,908 11,818 1, 945 38, 788 
401-800 aaa eee 6, 006 1,250 11, 236 2, 850 3, 383 9, 409 2125 36, 259 
310) Eo (40, 0 ee ee i ae nt ee eines ire ns ota aca bin iaisia ioc ainiciIG oon Do cOa dulce aS OO oGORD AD ONO. ok 
Over.) 200 2... c.. caccuspe sities - apeeWote Seine erare PT Acton ettine ore ee ees 1.300 Cee eon eek 3, 900 5, 200 
Total ence ea ene ook eer 9, 660 3,653 19, 621 658257 129 1227 7, 970 80, 247 
Nuclear units: 
0-400 Fs chieiice Sea eee ee LOOis? 225 eee Oo: Oe eee 233 outa are ete aieys aie eee 333 
CUS sO, 8 ee ee ae EE Mi tee NERD ea 2 CS Evaid co mere GIEH b cid Dae oma se SON 2. BOO Es cease ins Sele erie eae 2, 800 
BOTH 1200 se, crsieuses: ualustche o ore e Mca aeee ok a eeE e Ce nan 3 O00 Ratee eee 4, 460 2-200) eae ee 10, 260 
Over 1. 2005. ies cee siete eee steve eee Coico mere cee 1; SOO iin. A 8 Weicare s oe a otetcone ole Seer 1, 500 
‘Lotal ech eae ee ee LOOS Se 4e8 Sake 5 OOS eo 7, 493 2; 200 ee 14, 893 
Otherrimits?: @ooreese c eee 822. 380 14233 25633 2, 424 890 38 8, 420 
Total'capacity-ise. sneer eee 10, 582 4,033 25, 954 9,458 21,208 24,317 8,008 103, 560 
1990 
Fossil units: 
0-400 Fie. pote a ee 3, 654 2, 403 8, 385 2, 675 7,908 12,068 Sh eS, 40, 268 
401=800 tke ee er 6, 006 1,250 11, 236 2, 850 3,383 13, 784 20125 40, 634 
801=1;200 3/52. 2. Bee re eee 3: OOO eras eee 7; OOO 48 rite. oe eee 6, 300 1, 120 17, 420 
1520 1=—1 (600 © (8. 2ite Sorcbere voce aes aioe ee eee ae ieee 1, 500 T3300 8.0 cae ee 3, 100 3, 900 9, 800 
1 60 1=2,000 sie. eras See ae oe oe eee ees 8; OOO (f eakcs Sireeeten®, Sen Seta eh tae eae nee 8, 000 
‘Lotal $4. eec Sh na ee 12, 660 STOSS mE OOn al 6,825 ~ 115291 935, 252) 10,320 Sl ieeiZ2 
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FPC-East Central Region—Patterns of Generation and Transmission 
Generating Capacity in Megawatis—Continued 


Source of capacity (MW) PSA 7 PSA 8 PSA 9 PSA 10 PSA 11 PSA 12 PSA 19 Total 
region 
1990—Continued 
Nuclear units: 
OSA00 Fe citclansuaats ecto: sa eels UU St icen eee a cto cnsere Saree ¢ DNs Bee UES ORME ORes ca ROR TRO 333 
TISRUTR 5, Cieeet 2 Sa icky is Ie Oren Se RMN ey till RD ah DEOOU Get Woe ety 2, 800 
SOl= 200280 Me es a eee snl | B57 00T as. TOK FETA0 MTT, O00 20, 640 
20141600 seen se Lethe} aot Se. 3,000) "S400 nee Be. 5-600 pea RLOOS. eer 21, 100 
FO a2 OOO ean 4 oR Yak eh ds Re RST cctle, GLOO0: ee eben TE BO00 WRU aaah ces eee 7, 800 
EIN a a RNIN ht STN Os Mi 8, TC Re Ie ORE a eRe Lt 4, 400 
(Dyes P22 58) Ok nacre ene ier aed Ascent Renee ees otk oy Ore ener ROOMS enod 8 chee Ceca 5 OOO ate acres ters Kaieern Drei for aesy cee caiait 5, 000 
Total $7 Pees 0, Be Reo 34800 a0 3/000-- 21,400 ©5000 992'573 © ekB00 222... Y: 62, 073 
Ev RTSETTN TE aa ee eee 1, 722 380 1,233. 2,633 «3, 544. 890 38 «10, 440 
Toc canacityeccsosducSiacs oe lekal: 18,182 7,033 58,754 14,458 37,408 42,442 10,358 188, 635 
will overlay and reinforce extensive 138-kV and 
230-kV systems. The map referred to above shows 
these combined transmission systems. In addition, Be Clix 
; : ou, ; EAST CENTRAL REGION INTERCONNECTIONS 
161 kV will continue as a transmission voltage in 1970 
some areas of Kentucky. sen 
The EHV network in service in 1970 is shown 
on a separate map included at the back of this 
report. This 6,000-mile network will consist of 500 1-345kv | ONT. 
circuit-miles at 765 kV, 600 circuit-miles at 500 kV : <4 HYDRO 
and 4,900 circuit-miles at 345 kV. These facilities 
will continue to constitute the heaviest concentra- 
tion of EHV in the United States and, for that EAST 
matter, in the world. Also, unique in this regard, are CE ee CENTRAL 
the large-capacity transmission ties with other 
regions, including one 765/500-kV, seven 500-kV REGION 
and six 35-kV interconnections with contiguous 1 3aSkV p 
systems in those regions. These ties are in addition Sey rly 
to lower voltage interconnections at 230 kV, 161 
kV and 138 kV. Exhibit X.3 shows the number and 
voltage of such interconnections, 
2-345kV 
1971-1980 Patterns of Expansion ILLMO |_1-t6ikv 
I-138KV 4-500kV 
Generation UA 
CARVA 


To meet the anticipated power requirements 
during the ten-year period 1971-1980 will require 
the installation of approximately 48,000 MW of 
new generating plant in the East Central Region, 
reaching a total of about 100,000 MW of installed 
capacity by the end of that period. Of the capacity 
to be added, approximately 60% is expected to be 
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I-S5OOKV | 4-I138kV 
4-l61k 


TVA 


fossil-fired, 32% nuclear, and the remaining 8% 
pumped storage or other forms of peaking plant. 

With the expected mix in types of generation 
capacity additions between 1971 and 1980, the dis- 
tribution of total installed capacity by 1980 in the 
East Central Region will be approximately 76% 
fossil-fired, 16% nuclear and 8% pumped storage 
and other types of peaking generation. Coal-fired 
generating plant is expected still to play the domi- 
nant role in supplying the capacity needs of the 
region; however, its position vis-a-vis nuclear is ex- 
pected to decline from 92% of all capacity in 1970 
to the 76% figure in 1980. This reflects the start of 
a modest nuclear expansion program in some por- 
tions of the region. Exhibit X.4 shows the break- 
down of capacity in percentage of total capacity 
installed. 


EXHIBIT £.4 
EAST CENTRAL REGION 
PERCENT BREAKDOWN BY TYPE 
OF GENERATING CAPACITY IN SERVICE 
1970 -1990 
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° 
1970 1980 1990 


Exhibit X.5 shows the probable distribution of 
new units, including both fossil-fired and nuclear, 
by size categories. From this exhibit it can be seen 
that units in the 601-700-MW, 701-800-MW, and 
1,201-1,300-MW categories predominate, with 
about 25% of all capacity added during this period 
in the 701-800-MW class. These three unit size 
categories are expected to account for about 55% 
of all new capacity added, with 25% of all capacity 
in unit sizes of 1,100 MW or larger. It is significant 
to note that only a very small amount of new 
capacity is expected to be added in unit sizes smaller 
than 400 MW. This exhibit further illustrates this 
size relationship in terms of its cumulative distri- 
bution. Each point on the curve shown in this exhibit 
gives the percentage of total capacity additions in 
unit sizes equal to or greater than that indicated 
by the abscissa. 


Reference to Exhibit X.1 shows a significant 
change in the overall composition of unit sizes in- 
stalled by 1980 with those in existence in 1970. 
Whereas in 1970 about 70% of all units installed 
in the region were in sizes of 300 MW and smaller, 
by 1980 such units will amount to less than 40% of 
the total. This is continued evidence of the drive 
toward larger unit sizes to achieve economies of 
scale. 

The anticipated locations of generating capacity 
additions in the East Central Region are shown in 
the 1971-1980 map included at the back of this 
report. Exhibit X.2 also gives the location of all in- 
stalled capacity in 1980 by PSA’s together with a 
breakdown by type and size of unit. 


Transmission 


During the 1971-1980 period, substantial addi- 
tions in EHV transmission are contemplated within 
the East Central Region. These include about 2,100 
circuit-miles of 765 kV (1,200 miles of which will 
be in service by 1972), 600 circuit-miles of 500 kV 
and 4,800 circuit-miles of 345 kV. The total circuit- 
miles of installed EHV transmission by voltage class 
is given in Exhibit X.6. This exhibit shows the rela- 
tive growth in each voltage class, projected from 
1970 to 1990. The aggregate of all EHV transmis- 
sion (345 kV and above) in the region by 1980 is 
estimated at about 13,500 circuit-miles which is 
more than double the 6,000 circuit-miles in existence 
in 1970. This very substantial expansion in EHV is 
essential to meet the load requirements of the region, 
integrate its generating plants and load centers, and 
interconnect at EHV the various areas within the 
East Central Region as well as reinforce its inter- 
connections with neighboring regions. 

The rapid development of 765 kV as a major bulk 
power transmission voltage, from its initial use in 
1969 to over 2,500 circuit-miles by 1980, reflects a 
recognition both of the inherent economies of 765 
kV to meet the region’s growing demands and the 
very substantial reduction it allows in right-of-way 
requirements or land use per kilowatt of power 
transmitted. 

The continued expansion of 345 kV and 500 kV, 
in addition to the introduction of 765 kV, consti- 
tutes a logical pattern for transmission development 
in the East Central Region. Reference to the 1971- 
1980 map, included in the back of this report, shows 
that the growing 765-kV network will constitute an 
overlay on the 345-kV systems which predominate 
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EXHIBIT X.5 
EAST CENTRAL REGION 
PERCENT DISTRIBUTION OF STEAM GENERATING CAPACITY 
IN A UNIT CLASS ADDED BETWEEN YEARS 
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EXHIBIT X.6 
EAST CENTRAL REGION 
BREAKDOWN BY VOLTAGE CLASS OF 
EHV TRANSMISSION IN SERVICE 
1970-1990 
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in the area, while the 500-kV expansion will con- 
tinue entirely in the eastern portion of the region 
where it is contiguous to and interconnects with 
existing and evolving 500-kV systems. These con- 
tiguous systems in themselves are overlays in most 
instances of 230-kV networks. 

Specifically, the 1971-1980 transmission pattern, 
as presently contemplated and shown in the map 
referred to above, provides for the following: 


At 765 kV, the completion of a large trans- 
mission loop involving the States of Ohio, 
Indiana, Kentucky, and West Virginia, bi- 
sected by a line in central Ohio, with an easterly 
extension into Virginia, a northerly spur to 
Michigan, and three interconnections at 765 
kV with utilities in Illinois. 

At 500 kV, the further expansion in the east- 
ern portion of the region to integrate genera- 
tion sources and load centers, as well as to 
strengthen ties with contiguous 500-kV net- 
works. 

At 345 kV, the further expansion in almost 
all parts of the region where 345 kV now exists, 
as well as its introduction into such areas as 
central Kentucky and southern Indiana. This 
will include the creation of a 345-kV tie be- 


tween Toledo and Cleveland and the use of 345 
kV as the principal bulk power supply to most 
major load centers. 


The 1971-1980 period will also see the further 
development of major interconnections between the 
East Central Region and contiguous areas. In addi- 
tion to the three new 765-kV ties to Illinois referred 
to above, the first of which is already under con- 
struction, additional 765/500-kV interconnections 
are projected. One of these would close a loop 
through TVA’s 500-kV system by establishing a 
765/500-kV interconnection in western Kentucky 
to complement a similar interconnection created in 
northeastern Tennessee in 1970, and another would 
tie to the Duke Power Company’s 500-kV system. 
Four additional 500-kV ties to the Carolinas- 
Virginias (CARVA) and Pennsylvania-New Jersey- 
Maryland (PJM) systems are also indicated. Ex- 
hibit X.7 shows the extent of interconnection 
between the East Central Region and contiguous 
systems expected by 1980. 


EXHIBIT X.7 
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1981-1990 Pattern of Expansion 


As indicated in the introduction to this chapter, 
any projection of generation and transmission for 
the period 1981-1990 can be made only on a broad 
conceptual basis and in all probability will be sig- 
nificantly altered in the light of future develop- 
ments. The program described below is one possible 
alternative which would appear to meet the region’s 
power requirements in 1990. 


Generation 


By 1990 the total installed generation required to 
meet anticipated load demands in the East Central 
Region will be in the order of 190,000 MW. This 
represents an addition of about 81,000 MW during 
the 10-year period 1981-1990. The projected break- 
down by type of generation added is 43% fossil- 
fired, 55% nuclear, and 2% in miscellaneous other 
forms. The resultant distribution of the total in- 
stalled capacity by 1990 is 60% fossil-fired, 34% 
nuclear, and 6% in pumped storage and other types 
of peaking capacity. These projections show the 
growing role of nuclear generation anticipated in 
the future and the expectation that it may move 
ahead of fossil-fired generation in new capacity 
additions during the 1981-1990 period. If this prog- 
nostication proves true, coal-fired units will decline 
from a position of supplying 76% of generating 
capacity requirements in 1980 to 60% in 1990. This 
trend is shown in Exhibit X.4. 

Exhibit X.5 shows a possible distribution of 
thermal generation additions (both nuclear and 
fossil-fired) , by categories of unit size, as estimated 
by the utilities in the region for the 1981-1990 
period. Excepting for about 15% of the total capac- 
ity installed during this period, all units are projected 
in sizes greater than 1,000 MW. Approximately 
50% of all units shown in the projection are in 
the 1,000-MW to 1,500-MW size range. Unit sizes 
up 2,500 MW are projected with about 6% of the 
total capacity additions in this category. This ex- 
hibit also shows the cumulative distribution of these 
capacity additions. 

The composition of unit sizes for all thermal units 
in service in 1990 is given in Exhibit X.1. The con- 
tinuing and substantial shift from early additions 
in average unit size can be readily observed. These 
projections are based on the conviction that con- 
tinued economies can be achieved from still larger 
unit sizes. 

The approximate location of these generation 
additions is given in the 1981-1990 map included 


at the back of this report. Also, Exhibit X.2 shows 
the location of all generation in service by 1990 by 
PSA’s, together with their type and category of 
unit sizes. 


Transmission 


The 1981-1990 period will see the continued ex- 
pansion of EHV in the East Central Region. The 
map depicting the systems for this period, included 
at the back of this report, shows the addition of 
1,200 circuit-miles of 765 kV, 300 circuit-miles of 
500 kV, and 1,800 circuit-miles of 345 kV. As shown 
in Exhibit X.6, this will result in an aggregate of 
nearly 17,000 miles of EHV transmission line in 
the region. 

By 1990, 765 kV will have become the major 
bulk power EHV voltage class in the area, constitut- 
ing close to 4,000 circuit-miles of line, Transmission 
expansion at 345 kV will continue both to serve 
local load centers and to provide, in certain areas, 
an underlying network to support the 765-kV over- 


EXHIBIT X.8 


EAST CENTRAL REGION INTERCONNECTIONS 
1990 


1-345 kV 
1-138 kV 


1-120 kV _ 


EAST 
CENTRAL 
REGION 


2-765kV 
3-345kV 
4-138 kV 


1-765kV 
7-5OOkV 
1-345 kV 


4-230kV 
7-1 38kV 


2-765kV 
3-345kV 


1-161kV 
1-138 kV 


8-500kV 
H-138KV 


3-SOOkV | 4-138 kV 


II-2-73 


lay. In the eastern portion of the region, 500 kV 
will continue to provide the major EHV trans- 
mission voltage. 

Although no voltage higher than 765 kV has 
been projected in this transmission expansion pat- 
tern for the East Central Region, it is quite 
probable—as pointed out in Chapter V of this 
report—that a voltage level in the 1,200-1,500-kV 
class may be initiated in the 1981-1990 period. 
Research is already underway in several quarters 
with regard to the development of such a voltage 
level. 

None of the utilities in the region appear to have 
any plans for the introduction of direct-current 
transmission. This undoubtedly reflects the already 
intensive and continuing development of an elec- 


trically-tight alternating current network. Direct- 
current transmission, of course, is not suitable for 
network application. It is possible, however, that 
some limited and special-purpose applications of 
direct-current transmission may develop in this area 
in the future. 

The further strengthening of interregional inter- 
connections is anticipated during the 1981-1990 
period. This includes a 765-kV tie to the New York 
State-PJM area, additional 765-kV ties to Illinois, 
and a minimum of three new interconnections to 
the 500-kV systems in Pennsylvania, West Virginia, 
Maryland, and Virginia. Exhibit X.8 shows the 
number and voltage category of projected intercon- 
nections by 1990 with neighboring systems outside 
the East Central Region, 
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APPENDIX III-A 
DEFINITION OF BITUMINOUS COAL AND LIGNITE PRODUCING DISTRICTS 


DISTRICT 1—EASTERN PENNSYLVANIA 


Pennsyluania.—Armstrong County (part).—All 
mines east of the Allegheny River, and those mines 
served by the Pittsburgh & Shawmut Railroad lo- 
cated on the west bank of the river. 

Fayette County (part).—All mines located on 
and east of the line of Indian Creek Valley branch 
of the Baltimore & Ohio Railroad. 

Indiana County (part).—All mines not served 
by the Saltsburg branch of the Pennsylvania 
Railroad. 

Westmoreland County (part) .—AII mines served 
by the Pennsylvania Railroad from Torrance, east. 

All mines in the following counties: Bedford, 
Blair, Bradford, Cambria, Cameron, Centre, 
Clarion, Clearfield, Clinton, Elk, Forest, Fulton, 
Huntingdon, Jefferson, Lycoming, McKean, Mif- 
flin, Potter, Somerset, and Tioga. 

Maryland.—All mines in the State. 

West Virginia.—All mines in the following Coun- 
ties: Grant, Mineral, and Tucker. 


DISTRICT 2.—WESTERN PENNSYLVANIA 


Pennsylvania.—Armstrong County (part).—All 
mines west of the Allegheny River except those 
mines served by the Pittsburgh & Shawmut Railroad 

Fayette County (part).—All mines except those 
on and east of the line of Indian Creek Valley 
branch of the Baltimore & Ohio Railroad. 

Indiana County (part) —All mines served by the 
Saltsburg branch of the Pennsylvania Railroad. 

Westmoreland County (part) —All mines except 
those served by the Pennsylvania Railroad from 
Torrance, east. 

All mines in the following counties: Allegheny, 
Beaver, Butler, Greene, Lawrence, Mercer, 
Venango, and Washington. 


DISTRICT 3-NORTHERN WEST VIRGINIA 


West Virginia.—Nicholas County (part).—All 


mines served by or north of the Baltimore & Ohio 
Railroad. 

All mines in the following counties: Barbour, 
Braxton, Calhoun, Doddridge, Gilmer, Harrison, 
Jackson, Lewis, Marion, Monongalia, Pleasants, 
Preston, Randolph, Ritchie, Roane, Taylor, Tyler, 
Upshur, Webster, Wetzel, Wirt, and Wood. 


DISTRICT 4.—OHIO 
All mines in the State. 
DISTRICT 5.—MICHIGAN 
All mines in the State. 
DISTRICT 6.—PANHANDLE 


West Virginia.—All mines in the following coun- 
ties: Brooke, Hancock, Marshall, and Ohio. 


DISTRICT 7.—SOUTHERN NO. 1 


West Virginia—Fayette County (part).—All 
mines east of Gauley River and all mines served by 
the Gauley River branch of the Chesapeake & Ohio 
Railroad and mines served by the Virginian 
Railway. 

McDowell County (part) —All mines in that por- 
tion of the county served by the Dry Fork Branch 
of the Norfolk & Western Railroad and east thereof. 

Raleigh County (part).—All mines except those 
on the Coal River Branch of the Chesapeake & 
Ohio Railroad and north thereof. 

Wyoming County (part) —AIl mines in that por- 
tion served by the Gilbert branch of the Virginian 
Railway lying east of the mouth of Skin Fork of 
Guyandot River and in that portion served by the 
main line and the Glen Rogers branch of the Vir- 
ginian Railway. 

All mines in the following counties: Greenbrier, 
Mercer, Monroe, Pocahontas, and Summers. 

Virginia—Buchanan County  (part).—All 
mines in that portion of the county served by the 
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Richlands-Jewell Ridge branch of the Norfolk & 
Western Railroad and in that portion on the head- 
waters of Dismal Creek east of Lynn Camp Creek 
(a tributary of Dismal Creek). 

Tazewell County (part) .—All mines in those por- 
tions of the county served by the Dry Fork branch to 
Cedar Bluff and from Bluestone Junction to Boisse- 
vain branch of the Norfolk & Western Railroad and 
Richlands-Jewell Ridge branch of the Norfolk & 
Western Railroad. 


All mines in the following counties: Montgomery, 
Pulaski, Wythe, Giles, and Craig. 


DISTRICT 8—SOUTHERN NO. 2 


West Virginia—Fayette County (part).—All 
mines west of the Gauley River except mines served 
by the Gauley River branch of the Chesapeake & Co. 
Ohio Railroad. 

McDowell County (part) —All mines west of and 
not served by the Dry Fork branch of the Norfolk 
& Western Railroad. 

Nicholas County (part).—All mines in that part 
of the county south of and not served by the Balti- 
more & Ohio Railroad. 

Raleigh County (part).—All mines on the Coal 
River branch of the Chesapeake & Ohio Railroad 
and north thereof. 

Wyoming County (part) .—AlII mines in that por- 
tion served by the Gilbert branch of the Virginian 
Railway and lying west of the mouth of Skin Fork 
of Guyandot River. 

All mines in the following counties: Boone, Ca- 
bell, Clay, Kanawha, Lincoln, Logan, Mason, 
Mingo, Putnam, and Wayne. 

Virginta.—Buchanan County (part) .—All mines 
in the county except in that portion on the head- 
waters of Dismal Creek, east of Lynn Camp Creek 
(a tributary of Dismal Creek) and in that portion 
served by the Richlands-Jewell Ridge branch of the 
Norfolk & Western Railroad. 

Tazewell County (part).—All mines in the 
county except in those portions served by the Dry 
Fork branch of the Norfolk & Western Railroad 
and Branch from Bluestone Junction to Boissevain 
of Norfolk & Western Railroad and Richlands- 
Jewell Ridge branch of the Norfolk & Western 
Railroad. 

All mines in the following counties: Dickinson, 
Lee, Russell, Scott, and Wise. 


Kentucky.—All mines in the following counties 
in eastern Kentucky: Bell, Boyd, Breathitt, Carter, 
Clay, Elliott, Floyd, Greenup, Harlan, Jackson, 
Johnson, Knott, Knox, Laurel, Lawrence, Lee, 
Leslie, Letcher, McCreary, Magoffin, Martin, Mor- 
gan, Owsley, Perry, Pike, Rockcastle, Wayne, and 
Whitley. 

Tennessee.—All mines in the following counties: 
Anderson, Campbell, Claiborne, Cumberland, Fen- 
tress, Morgan, Overton, Roane, and Scott. 

North Carolina.—All mines in the State. 


DISTRICT 9.—WEST KENTUCKY 


Kentucky.—All mines in the following counties in 
western Kentucky: Butler, Christian, Crittenden, 
Daviess, Hancock, Henderson, Hopkins, Logan, 
McLean, Muhlenberg, Ohio, Simpson, Todd, 
Union, Warren, and Webster. 


DISTRICT 10.—ILLINOIS 
All mines in the State. 

DISTRICT 11—INDIANA 
All mines in the State. 


DISTRICT 12.—_IOWA 


All mines in the State. 


DISTRICT 13.—SOUTHEASTERN 


Alabama.—All mines in the State. 

Georgia.—All mines in the following counties: 
Dade and Walker. 

T ennessee.—All mines in the following counties: 
Bledsoe, Grundy, Hamilton, Marion, McMinn, 
Rhea, Sequatchie, Van Buren, Warren, and White. 


DISTRICT 14—ARKANSAS-OKLAHOMA 


Arkansas.—All mines in the State. 
Oklahoma.—All mines in the following counties: 
Haskell, Le Flore, and Sequoyah. 


DISTRICT 15—SOUTHWESTERN 


Kansas.—All mines in the State. 

T exas.—All mines in the State. 

Missouri.—All mines in the State. 

Oklahoma.—All mines in the following counties: 
Coal, Craig, Latimer, Muskogee, Okmulgee, Pitts- 
burg, Rogers, Tulsa, and Wagoner. 
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DISTRICT 16—NORTHERN COLORADO 


All mines in the following counties in the State: 
Adams, Arapahoe, Boulder, Douglas, Elbert, El 
Paso, Jackson, Jefferson, Larimer, and Weld. 


DISTRICT 17—SOUTHERN COLORADO 


Colorado.—All mines except those included in 
District 16. 

New Mexico.—All mines except those included in 
District 18. 


DISTRICT 18—NEW MEXICO 


New Mexico.—All mines in the following coun- 
ties: Grant, Lincoln, McKinley, Rio Arriba, San- 
doval, San Juan, San Miguel, Santa Fe, and 
Socorro. 

Arizona.—All mines in the State. 

California—All mines in the State. 


DISTRICT 19—WYOMING 


Wyoming.—All mines in the State. 
Idaho.—All mines in the State. 


DISTRICT 20.—UTAH 


All mines in the State. 


DISTRICT 21—NORTH DAKOTA-SOUTH 
DAKOTA 


All mines in North Dakota and South Dakota. 


DISTRICT 22.—MONTANA 


All mines in the State. 


DISTRICT 23——WASHINGTON 


Washington.—All mines in the State. 
Oregon.—All mines in the State. 
Alaska.—All mines in the State. 
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APPENDIX VII—A 


EAST CENTRAL AREA 


RELIABILITY COORDINATION AGREEMENT 


Dated August 1, 1967 


(Superseding East Central Area Reliability Coordination 
Agreement dated January 14, 1967.) 


and 


SUPPLEMENTAL AGREEMENT 


Dated October 20, 1967 


II-2-79 


CONTENTS 


EAST CENTRAL AREA RELIABILITY COORDINATION AGREEMENT 


Article Page 
MPU DOSG Ol PAS TCCINED Mal, est erm ane oe ttre eam, Rechate ie 2 fo tt Na eects ob 6 bate IJ—2-82 
EL REC ULIU Gr SOALC Re Baer eroe se Ree te et oie ck ae ree, SMT RG Ge a ies cle cons ells cha sian IJ-2-82 
SREEOOL Cn ation: te CVIE Wr COLUIOLL (CCL rage. saul: enon pera EE Ne es kt els taphe ele ence es « IJ—2-83 
SEE AC VISOUWEL ATEIS ChOAb oi, Mate ET OR MIT ol DAP aon eMC sR IE ME ese oa ew oes Fate Seals hi 2-34 
DME XECUIIVeR Ni alla Sera cheers ver ediruet scat tiers Pee, es OMe By, Mare, SE By ae, Menten aL, [I—2-84 
Gm nierz Area, COOrdinallon. panes .k) amie mek ne eo kes ea ine ulgeint he ee Nad LL . . II—2--84 
LEE SUM Pea ferec. ACs e ois, Pay > gy apap eas py aE ARS METERS UNA MELT ES ee ln LS SIS al Mts, bad SIETS 2,8 0!d od II—2-85 
SRCRCTICT Ale AUar Ve EoM cree)? STARA Varo AI ae Cts OY Selels Hgls a's Le oh Y eae L II—2-85 
MEE ASSICTILICILG Ree geet a eee oo EN Tae aE PT Path ea tee te ae wee ST Ran II-2-85 

fUme \cidinonalenrangements ar wee ap el ae Grae tis ee kts acta se te tase eens f II—2-85 
PRINCE ULAUO 9. ta Paina ste ayo ors eaten teats e Mictine: Met Nate CEMA IE oes Me ana ee etnies ge ee Ra T}—2-35 


PAEICL GL Letra ee ie Uo ret’ henti cite A ate a, cee Me. Reh Ade ae RI ei nee, ean Ney A oe is re Bone. oa ge II-2-86 


II-2-81 


East CenTRAL AREA RELIABILITY CooRDINATION AGREEMENT, dated August 1, 1967, among Appa- 
LACHIAN Power Company, THE Cincinnati Gas & Evecrric ComMPpANy, THE CLEVELAND ELECTRIC 
InLumrinatinc Company, CoLuMBuUS AND SOUTHERN Onto ExLectric Company, THE Dayton PowER 
AND Licut Company, Duquesne Licut Company, East Kentucky Rurat ELectric Cooperative Cor- 
PORATION, INDIANA & MuicHIcAN Exectric Company, INDIANA-KENTUCKY ELECTRIC CORPORATION 
(“IKEC”), INDIANAPOLIS Power & Licht Company, Kentucky Power Company, Kentucky UTILITIES 
Company, LovuIsviILLE GAs AND ELectric Company, MONONGAHELA PowEeR CoMPANyY, NoRTHERN IN- 
DIANA PuBLic SERVICE COMPANY, Ouio Epison ComPANy, Onto PowER CoMPANY, OHIO VALLEY ELECTRIC 
CorporaTION (“OVEC”), PENNSYLVANIA Power Company, THE Potomac Epison Company, PUBLIC 
SERVICE CoMPANY OF INDIANA, INc., SOUTHERN INDIANA GAs AND ELEcTRIC Company, THE TOLEDO 
Epison Company, and West PENN Power ComMPANy, 


WITNESSETH: 


0.01 Each of the parties owns an electric utility system engaged in the generation, transmission, and 
sale of electric power and energy in the East Central Area of the United States. They are hereinafter referred 
to collectively as the “ECA Companies’. 

0.02 The systems of the ECA Companies are interconnected directly or indirectly and are operated 
in synchronism pursuant to a number of separate agreements among two or more of such companies. 

0.03 The parties recognize that while many of the benefits of interconnected operation have accrued 
to each of them under existing agreements, the primary objective of bulk power supply reliability can be 
effectively achieved only among a manageable number of electric systems within a major area of reasonable 
geographical boundaries, in this instance the systems within the East Central Area, and through the mecha- 
nism of a well-defined organization with agreed-upon procedures for implementing this objective. 


ARTICLE 1 
PurRPOsSE OF AGREEMENT 


1.01 The purpose of this Agreement is further to augment reliability of the parties’ bulk power supply 
through coordination of the parties’ planning and operation of their generation and transmission facilities. 


ARTICLE 2 
EXECUTIVE BoarRD 


2.01 Each party by written notice to the others shall designate, and may change at any time, a person 
to act as its member on a group to be known as the Executive Board. OVEC and IKEC shall be represented 
by the same person. Other affiliated parties comprising single systems likewise shall be represented in each 
instance by the same person. Each party’s member shall have authority to act for it in the administration 
of all matters pertaining to this Agreement and to perform such other duties as are hereinafter specified. 
The initial members of the Executive Board shall be appointed within fifteen days after the execution of this 
Agreement. Each member of the Executive Board may, at any time, designate an alternate to act for him. 

2.02 The members of the Executive Board periodically will select one of their number to serve as 
Chairman, and one as Vice Chairman, each for a term not to exceed three years. 

2.03 The members of the Executive Board shall meet quarterly and from time to time as required to 
carry out their duties. Meetings shall be called by the Chairman on his own initiative or upon request of two 


or more members of the Board. As far in advance of each meeting as practicable an agenda therefor shall be 
distributed to each member. 
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2.04 The Executive Board shall establish, within one year after the execution of this Agreement and 
thereafter periodically review, principles and procedures with respect to matters affecting the reliability of 
bulk power supply, including, but not limited to, minimum installed capacity and spinning reserves to be 
provided by each party by ownership or contract, the distribution of spinning reserves, coordination of gen- 
eration and transmission maintenance, emergency measures, communications, protection, and the evaluation 
and simulated testing of systems’ performance. 

The Executive Board shall from time to time establish and periodically review such other principles and 
procedures as it may deem necessary for the purpose of this Agreement as set forth in Article 1. 

2.05 Decisions of the Executive Board in any calendar year shall require the affirmative votes of 
members, or their alternates, representing parties to this Agreement whose non-coincident peak loads for the 
previous calendar year aggregated at least 95% of the total of such loads of all parties to this Agreement. 

2.06 The expenses of each member of the Executive Board and his alternate shall be borne by the 
party or parties he represents. Any other expenses of the Executive Board shall be shared as agreed upon by 
the Board. 

ARTICLE 3 


CoorRDINATION REVIEW COMMITTEE 


3.01 Each party by written notice to the Executive Board shall designate, and may change at any time, 
a person to act as its member on a group to be known as the Coordination Review Committee. OVEC and 
IKEC shall be represented by the same person. Other affiliated parties comprising single systems likewise 
shall be represented in each instance by the same person. The initial members of the Coordination Review 
Committee shall be appointed within thirty days after the execution of this Agreement. Each member of the 
Coordination Review Committee may, at any time, designate an alternate to act for him. 

3.02 The Executive Board periodically will select a member of the Coordination Review Committee 
to serve as Chairman, and one as Vice Chairman, of such Committee. The term of any Chairman, unless 
otherwise agreed to by the Executive Board, shall not exceed three years. 

3.03 The Coordination Review Committee shall schedule a meeting for each calendar month and its 
members shall otherwise communicate with one another as required to carry out their duties. Meetings shall 
be called by the Chairman on his own initiative or upon request of two or more members of the Committee. 

3.04 The Coordination Review Committee shall on a continuing basis: 


(1) make recommendations to, and otherwise advise, the Executive Board with respect to the 
principles and procedures to be established by it pursuant to Section 2.04; 

(2) in conjunction with each party, review and evaluate such party’s planning for generation and 
transmission facilities and other matters relevant to the reliability of the ECA Companies’ bulk power 
supply; and 

(3) perform studies and investigations concerning over-all adequacy of transmission facilities, 
generation reserves, and operating practices and procedures and make recommendations to the Executive 
Board with respect thereto. 

3.05 To enable the Coordination Review Committee to carry out its duties, the parties shall furnish 
said Committee such studies and data as it shall reasonably request, including but not limited to, technical 
studies of system performance under normal and abnormal conditions or under contingencies which would 
endanger service to major portions of the areas served by ECA Companies, and data on current and projected 
loads, system equipment capabilities, capability margins, spinning reserves, relay settings controlling major 
facilities, communications facilities, recording facilities and instructions to operating personnel. Except as 
otherwise authorized by the Executive Board, such studies and data shall be used solely for the purpose of 
carrying out the terms of this Agreement. 

3.06 Committee recommendations pursuant to Sections 3.04 (1) and (3) shall be adopted, and other 
Committee action taken, by a two-thirds vote of the members. Dissenters may submit minority reports. 

3.07 The expenses of each member of the Coordination Review Committee and his alternate shall be 
borne by the party or parties he represents. Any other expenses of the Committee shall be shared as agreed 
upon by the Executive Board. 
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ARTICLE 4 


ApvisorRy PANELS — 


4.01 The Coordination Review Committee shall from time to time appoint Advisory Panels of tech- 
nical experts to assist the Committee in carrying out its duties. Within forty-five days after the execution of 
this Agreement the Committee shall appoint a System Reliability Advisory Panel, a Generation Advisory 
Panel, a Transmission Advisory Panel, a Protection Advisory Panel, and an Operation Advisory Panel. 
Appointments to the Advisory Panels shall be subject to the approval of the Executive Board. 

4.02 Each Advisory Panel shall consist of not more than seven members. The Coordination Review 
Committee shall advise the parties in writing of the persons who are to act as members of each Advisory 
Panel. Each member of an Advisory Panel may, at any time, designate an alternate to act for him in the 
event of his incapacity. 

4.03 The Coordination Review Committee will select a member of each Panel to serve as Chairman 
of such Panel. The term of any Chairman, unless otherwise agreed to unanimously by the Coordination 
Review Committee, shall not exceed three years. 

4.04 The specific duties of each Panel shall be determined by the Coordination Review Committee, 
and a written description thereof shall be furnished to each member of such Panel and to the Executive 
Board. 

4.05 The expenses of each member of an Advisory Panel shall be borne by the party by whom he is 
regularly employed. Any other expenses of a Panel shall be shared as agreed upon by the Executive Board. 


ARTICLE 5 


EXECUTIVE MANAGER 


5.01 The Executive Board shall within forty-five days after the execution of this Agreement appoint 
an Executive Manager who under the direction of the Chairman of the Coordination Review Committee 
shall, on a full-time basis: 

(1) keep fully informed with respect to matters affecting bulk power reliability in the ECA Com- 
panies’ area, 

(2) assist the ECA Companies in following and carrying out the principles and procedures estab- 
lished by the Executive Board pursuant to Section 2.04, 

(3) assist the Coordination Review Committee and its Advisory Panels by furnishing data and 
suggestions based on his observations of system performance and in general assist the Committee in 
carrying out its duties under Section 3.04, 

(4) collect, consolidate, analyze, and distribute studies and data pertinent to his responsibilities 
furnished the Coordination Review Committee pursuant to Section 3.05, and 

(5) perform such other duties as shall be set forth in a job description approved by the Executive 
Board. 

5.02 Quarters shall be provided for the Executive Manager and his staff at a place within the East 
Central Area to be selected by the Executive Board. 

5.03 The salaries and office expenses of the Executive Manager and his staff shall be shared as agreed 
upon by the Executive Board. 


ARTICLE 6 


INTER-AREA COORDINATION 


6.01 The parties recognize that attainment of their objectives requires continued cooperation between 
them and other companies outside the East Central Area and particularly cooperation between the parties 
hereto and companies outside the Area with whose systems they are directly interconnected. Accordingly, 
the ECA Companies will endeavor to bring about periodic reviews with coordinated areas contiguous to the 
East Central Area of generation and transmission expansion programs and systems performance to the end 
of further augmenting reliability of bulk power supply for all. In this connection the parties will attempt to 
establish liaison arrangements between the Coordination Review Committee and authorized groups in co- 
ordinated areas contiguous with the East Central Area. 
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ARTICLE 7 


TERM 


7.01 This Agreement shall continue for five years from its date and thereafter until terminated by 
unanimous agreement of the parties, but any party to this Agreement may cease to be such by giving the 
others at least 30 days written notice of its intention. Any such party shall nevertheless continue to be liable for 
its share of expenses incurred prior to the end of the calendar year in which such notice is given. 


ARTICLE 8 


GENERAL 


8.01 No party shall be liable for the failure of any other party to perform its obligations hereunder. 

8.02 Each party shall retain sole control over its own facilities and the use thereof. 

8.03 This Agreement supersedes the East Central Area Reliability Coordination Agreement dated 
January 14, 1967, among all of the parties hereto except East Kentucky Rural Electric Cooperative 
Corporation. 

ARTICLE 9 


ASSIGNMENT 


9.01 Any party may assign this Agreement to a successor corporation acquiring its property and business 
substantially as an entirety, provided such successor corporation assumes all obligations of the assignor under 
this Agreement. Except as aforesaid no party shall assign this Agreement without the prior written consent 
of the other parties. 

ARTICLE 10 


ADDITIONAL ARRANGEMENTS 


10.01 Each ECA company will study the possibility of additional arrangements between its system and 
one or more systems of EGA Companies contiguous with its own that will contribute to achieving the objective 
of the parties to render reliable service and that will also contribute to operating economies to the fullest 
extent consistent with that objective. Such arrangements pertain, among other things, to such matters as 
ownership and operation of generation and transmission facilities, mutual assistance, and interchanges of 
electric capacity and energy for improvement of service and economy. 


ARTICLE 11 


REGULATION 


11.01 This Agreement is subject to the approval of all regulatory authorities having jurisdiction in the 


premises. 
In Witness WuHEREOF, the parties hereto have caused this Agreement to be duly executed. 


APPALACHIAN POwER COMPANY THE Dayton Power anp Licht COMPANY 
DonaLp C. Cook J. M. Sruartr 
President President 
THE CrncInNaTI Gas & ELEcTRIGC COMPANY Duquesne Licut Company 
Wm. H. ZIMMER Puitie A. FLEGER 
President Gieiraan 
THE CLEVELAND ELEctTRIC ILLUMINATING 
Gaui East Kentucky RuraL ELECTRIC COOPERATIVE 
K. H. Rupo.teH CORPORATION 
Prenden ALEX B. VEECH 
CoLUMBUS AND SOUTHERN Ouro ELECTRIC President 
CoMPANY InpIANA & MicHIGAN ELECTRIC COMPANY 
J. L. McNEatey DonaLtp C. Cook 
President President 
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INDIANA-KENTUCKY ELECTRIC CORPORATION 
Puitie SPORN 
President 
INDIANAPOLIS Power & LichT COMPANY 
Ottis T. FITzwaTER 
Chairman 
KEeNnTucKkyY PowER COMPANY 
DonaLp C. Cook 
President 
Kentucky UTILirres COMPANY 
W. A. DuNcAN 
President 
LouisviLLE Gas AND ELECTRIC COMPANY 
B. Hupson MILNER 
President 
MONONGAHELA POWER COMPANY 
C. G. McVay 
President 


NorTHERN INDIANA PuBLic SERVICE COMPANY 


Dean H. MircHeLi 
President 
Outo Epison CoMPANY 
D. Bruce MANSFIELD 
President 


Ouro PowER CoMPANY 
DonaLp C. Cook 
President 
Out1o VALLEY ELECTRIC CORPORATION 
Puitie SporN 
President 
PENNSYLVANIA POowER COMPANY 
D. Bruce MANSFIELD 
President 
Tue Potomac EDISON COMPANY 
C. D. Lyon 
President 
Pusiic ServicE Company oF INDIANA, ING. 
C. H. BLaNcHAR 
President 
SOUTHERN INDIANA GAs AND ELECTRIC COMPANY 
A. B. Brown 
President 
Tue ToLepo Epison COMPANY 
Joun K. Davis 
President 
WEst PENN PowER COMPANY 
R. G. MacDona.p 
President 


SUPPLEMENTAL AGREEMENT, dated October 20, 1967, among the undersigned electric utility companies, 
supplementing the East Central Area Reliability Coordination Agreement, dated August 1, 1967, (the 
“ECAR Agreement’) among the parties hereto other than ConsuMERS Power Company (“Consumers”) 
and THe Detroir Epison Company (“Detroit Edison’), 


WITNESSETH: 


0.01 The systems of the parties to the ECAR Agreement and those of Consumers and Detroit Edison 


will be interconnected directly or indirectly and operated in synchronism pursuant to separate agreements 
among two or more of such companies upon the completion, scheduled for mid-1969, of facilities now under 
construction; and the performance of the Consumers and Detroit Edison systems will then have a significant 
effect on the reliability of the bulk power supply of the parties to the ECAR Agreement. In anticipation of 
this situation the parties hereto desire that Consumers and Detroit Edison become parties to the ECAR 
Agreement as soon as possible. 
ARTICLE I 

1.01 Consumers and Detroit Edison shall each become a party to the ECAR Agreement on Novem- 
ber 1, 1967, and the provisions of the ECAR Agreement shall thereafter inure to the benefit of and be binding 
upon each of said companies. 

In Witness WHEREOF, the parties hereto have caused this Supplemental Agreement to be duly executed. 


APPALACHIAN POWER COMPANY CoLUMBUS AND SOUTHERN OuIo ELECTRIC 


DonaLp C. Coox CoMPANY 
President J. L. McNEALEy 
THE Cincinnati Gas & ELEctTric COMPANY President 
Won. H. ZIMMER CoNSUMERS POWER COMPANY 
President A. H. AyMonp 
THE CLEVELAND ELectric ILLUMINATING Chairman 
CoMPANY THE Dayton Power AnD Licht CoMPANY 
K. H. Rupoieu J. M. Sruart 
President President 
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Tue Dertroir Epison CoMPANY NorTHERN INDIANA PusLic SERVICE COMPANY 


Watxer L. CISLER Dean H. MitcHec 
Chairman Chairman 
DuguEsNnE Licut CoMPANY Oxu1o Epison CoMPANY 
Puitie A. FLEGER D. Bruce MaAnsrFIELD 
Chairman and President 
Chief Executive Officer Outo Power Company 
East Kentucky Rurat ELEcTRIG COOPERATIVE DONALD. Cr Coox 
CoRPORATION President 
ALEX B. VEECH Onto VALLEY ELECTRIC CoRPORATION 
President 


DonaLp C. Coox 
President 
PENNSYLVANIA Power ComMPANy 


InpIANA & MicHiIcAN ELEctric COMPANY 
DonaLp C. Cook 


President D 
InNpDIANA-KENTUCKY ELECTRIC CORPORATION - Bruce MansFieLp 
DonaLp C. Coox President 
Bae nt THE Potomac Epison Company 
INDIANAPOLIS Power & LicHT COMPANY E. W. WiLkInson 
Ortis T. FiIrzwaTEeR Vice President 
Chairman Pusiic Service Company oF Inp1ana, INc. 
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APPENDIX VII-B * 


COORDINATED PLANNING AND DEVELOPMENT—POWER SYSTEMS IN THE 
EAST CENTRAL REGION 


In accordance with the “Guidelines for Study of 
Coordinated Planning and Development by Re- 
gions” as developed by the Federal Power Com- 
mission Staff, the East Central Regional Advisory 
Committee has compiled information as to the 
structure and functioning of all coordinating groups 
within the East Central Region. The information 
requested of each group was as follows: 


1. Type of organization (holding company, 
planning group, or planning and operating 
pool, etc.) 

. History of development. 

. List of members. 

. Requirements for participation. 

. Organizational structure including official 
positions, any committees and their func- 
tions, and methods of arriving at decisions 
affecting members of the coordinating 


group. 


Om — © DD 


6. Practices in the planning and development 
of facilities, including: 
a. Coordinated load projections. 
b. Coordinated planning for reserves. 
c. Coordinated system stability studies. 
d. Joint or staggered participation in fa- 
cilities development. 
7. Operating practices, including: 
a. Exchanges of capacity and energy. 
b. Coordination of reserves, including spin- 
ning reserves. 
c. Coordination of maintenance. 
d. Economic dispatch, including descrip- 
tion of control facilities. 


The requested information for each group in the 
East Centra] Region is shown in the attached sec- 
tions of this appendix. The index to these sections 
and the companies included within each group is 
as follows: 


INDEX TO REPORTS 


Pool or system 


Companies 


APS wdisgtigt: Stgere oi tara oteee eeeedee maeen ve eae Monongahela Power'Co. sate e arse syeamels ecutive bicwel crstonerha eres A 
The Potomac Edison Co. j 
West Penn Power Co. 

ARP lay 0. Re Ge eae eR ein Scot siete es Appalachian Power C's... 601.2, creas nye eile ome Gero) aS Sis eens tee B 
Indiana & Michigan Electric Co. 
Kentucky Power Co. 
Kingsport Power Co. 


Ohio Power Co. 


Wheeling Electric Co. 
CAPCO wa mateen taal nie chen Aare ihe Cleveland Electric llluminatine| Cos. een arene Cc 
Duquesne Light Co. 


Ohio Edison Co. 


Pennsylvania Power Co. 
The Toledo Edison Co. 


? Since the preparation of this material, the Michigan 
Power Company (formerly Michigan Gas and Electric Com- 


* August 1968 (Revised April 1969). 


pany ), has become a subsidiary of the AEP System. 
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INDEX TO REPORTS—Continued 


Pool or system 


Companies 


(O(OI DY 8 3.9 chug Di RCE Ita RRC are ihe CincinnatiiGasracrulectric: Gomer cre cicie ve ia e ee heres D 
Columbus & Southern Ohio Electric Co. 
The Dayton Power and Light Co. 

Kentucky-Indiana Pool (KIP)............ hemndianapolis| Powers sc light, Comenee aerial k seria) acid ae E 
Public Service Company of Indiana 
Kentucky Utilities Co. 

RET SP OOM prays sey ees Ceeyaeie Oe ols olepy'= ahs oporensess Big. Rivers) R-B.C. CG ieeycrerrcraeen strrtcre c atetre os aie ate are nuebet sabre ate a F 
Southern Illinois Power Cooperative 
Hoosier Energy Division 


IVESCDIG AL: POOL << chews oso <0 eiee alse oe wine Consumers! P ower! Go. massa: a iki a Ae" Fes Le asad aie she shoe stat my eg G 
The Detroit Edison Co. 
Michigan-Ontario: 050 ¢4.. «tis, seis nar os so tele Gonsumers Power) Companyeemerc tes ee rose sie elcicre © crete aes ae H 


The Detroit Edison Co. 
The Hydro-Electric Power Commission of Ontario 
NEL EO ee ee re ra te ee ac aineien sinals G@oristumerstP OWeEr! Clo sary ete eee elon. oe ete oaiav oe ort otcwan hist etione ete chars I 
The Detroit Edison Co. 
Northern Indiana Public Service Co. 
Commonwealth Edison Co. 
American Electric Power Co. 
The Toledo Edison Co. 


USE ROG ree pi aisic ctva lesbnlels stesvaciognerets We ISOTPUCK YS CI TtHS, COs cae oe Ee nas ts, ot AGES ca son she cole iaphinnce = yal evo aowncn Al 
East Kentucky Rural Electric Cooperative Corp. 
COTNETIISENCUCKY £55.e-' ois ee ee oe odes ee Pouisville. Gagiand BlectiesGil cc cir: wis 6 + cps «ores = 6 jem watdiniowiewectn « . 


Kentucky Utilities Co. 


Section A—Coordinated Planning and Development—APS 


1. Reporting Organization 

a. Allegheny Power System, Inc. 

320 Park Avenue, New York, N.Y. 10022 

Type of Organization 

b. An electric utility holding company. 

2. History of Development 

Allegheny Power System was formed in 1925 
under the name of The West Penn Electric Com- 
pany to hold the securities of its present three major 
electric subsidiaries which previously had been as- 
sembled under the control of the American Water 
Works and Electric Company, Incorporated. No 
substantial acquisitions of operating electric prop- 
erties occurred after 1923. 

In 1947, American Water Works and Electric 
Company, Incorporated, carried out its segregation 
and liquidation plans under the Public Utility 
Holding Company Act of 1935. This brought about 
the distribution in 1948 of all of the common stock 
of The West Penn Electric Company to the holders 
of the common stock of its former parent. 

The change of name from The West Penn Elec- 
tric Company to Allegheny Power System, Inc. 
occurred in 1960. 


3. List of Members 

The companies in the holding company of Alle- 
gheny Power System, Inc. include Monongahela 
Power Company, The Potomac Edison Company, 
West Penn Power Company, Allegheny Power Serv- 
ice Corporation, and their respective subsidiaries. 
4. Requirements for Participation 

Common ownership. 

5. Organizational Structure 

Allegheny Power System, Inc. (Allegheny) is the 
parent company in the integrated electric System 
comprising the properties of Monongahela Power 
Company, The Potomac Edison Company, West 
Penn Power Company, and their subsidiaries. As 
such, it is the owner of the operating companies in 
the System and is the vehicle through which equity 
capital for the System is obtained. 

As a matter of basic policy, the System is operated 
to realize the advantages of the integrated System 
to the fullest extent consistent with proper recogni- 
tion of applicable local law and local regulatory re- 
quirements. Accordingly, each operating company 
in the System operates within the framework of the 
integrated System. Within this basic policy the prin- 
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ciple of decentralization is followed. This principle 
places on each of the operating companies responsi- 
bility for operations and operating results. 

The operation of the Allegheny Power System 
on an integrated basis results in economies and other 
advantages in matters such as: (1) pooling avail- 
able, generating and transmission capacity, (2) plan- 
ning additions to generating and transmission capa- 
city, (3) cooperating in activities of mutual interest, 
(4) exchanging technical knowhow, experience and 
information to improve methods and the quality and 
dependability of service, and (5) attracting, training 
and holding skilled personnel. To realize such ad- 
vantages, Allegheny Power System, Inc. and the 
electric utility operating companies in the Allegheny 
Power System have entered into service contracts 
with Allegheny Power Service Corporation (Service 
Company), a wholly-owned subsidiary of Allegheny 
Power System, Inc., the effect of which is to give the 
Service Company responsibility and accountability 
for coordinating the operations of the System as a 
whole and for matters and policies of System-wide 
applicability. 

System Committees are used to facilitate the suc- 
cessful operation of the integrated System. They 
have no operating responsibilities and no authority 
to make decisions, They serve to increase manage- 
ment effectiveness in the following respects: 

(1) Communication: All of the Committees 
serve as means of communication. They 
provide a channel through which special- 
ists in the same fields can share knowledge, 
experience and information on related ac- 
tivities. In this way they facilitate the 
System-wide application of worthwhile im- 
provements developed in any one of the 
System companies. 

(2) Uniformity of practices: Some Commit- 
tees explore the possibility and desirability 
of achieving greater uniformity of prac- 
tices throughout the System. 

(3) Problem solving: Some Committees are 
assigned particular problems of System 
significance. In such instances, the assign- 
ment of the Committee is simply to explore 
and make recommendations, 

The System Facilities Planning Committee and 
the Power Supply Committee, along with their sub- 
committees, are the ones principally concerned with 
coordinating power supply matters. 

A brief synopsis of some of the committees and 
functions follows: 


System Facilities Planning Committee 


To undertake studies and develop recommen- 
dations in regard to requirements for generating 
capacity additions and retirements, new major 
transmission lines, and interconnections with non- 
affiliated companies, and to review forecasts of 
future loads and budget items for major transmission 
facilities. 

To plan and coordinate the work of its Subcom- 
mittees which report their findings and recommen- 
dations to it. This Committee has two Subcommit- 
tees: Transmission and Generating Facilities. 


Transmission Facilities Subcommittee 


To make studies assigned by the System Facilities 
Planning Committee to assist in the development of 
plans on transmission and interconnection facilities 
for Allegheny Power System. 

To keep the System Facilities Planning Commit- 
tee informed on current practices affecting System 
planning of major transmission and interconnections 
and any new tools or techniques appropriate for 
planning purposes. 

To recommend to the System Facilities Planning 
Committee load flow and stability studies as re- 
quired for the Allegheny Power System and outside 
Systems. 

To oversee the work of the Subgroup on Controls, 
Relaying and Communications. 


Generating Facilities Subcommittee 


To make studies assigned by the System Facilities 
Planning Committee to assist in the development 
of plans for generating units for Allegheny Power 
System. 

To study, investigate and report on generating 
methods and associated devices which have promise 
for future use on the APS system, including nuclear, 
nonsteam thermal, conventional and pumped stor- 
age hydro. 

To consider and set up systems whereby correct 
and uniform data is easily available to those work- 
ing on system generating problems and to develop 
in advance of use procedures for solutions to repeti- 
tive problems arising in system generating planning 
work. 

To investigate and determine for the System Fa- 
cilities Planning Committee locations and suitabil- 
ity of possible sites for power generating stations for 
the Allegheny Power System power supply. 
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To make recommendations for the purchase of 
acreage for future station construction to the Sys- 
tem Facilities Planning Committee. This acreage is 
not necessarily limited to that within the service 
area. 

To prepare and maintain up-to-date records of 
data on sites owned by Allegheny Power System 
companies and others, suitable for location of Alle- 
gheny Power System generating stations. 

To oversee the work of the Subgroup on Fuel. 


Power Supply Committee 


To assist in obtaining those advantages which re- 
sult from coordination and review of APS power 
supply matters. In performing such functions it 

(1) develops plans and programs to improve 
efficiency and operating results of APS 
power stations, including planning of per- 
sonnel requirements for major power 
stations, 

(2) develops, recommends, and reviews poli- 
cies and procedures concerning the opera- 
tion of the APS power supply facilities, 

(3) oversees the administration of the Power 
Supply Agreement, 

(4) reviews existing and proposed power sales, 
purchases, and operating agreements to 
insure APS can meet adequately its com- 
mitments and that arrangements with 
outside systems are such as to maintain 
desirable conditions within APS. 

To plan, coordinate and approve the work of its 
subcommittees which report their findings and rec- 
ommendations to it. Two subcommittees, Subcom- 
mittee on Power Production and Subcommittee on 
Operating and Interchange Billing, report to this 
committee. 

There is representation on these committees of 
interested people from each company and their 
recommendations are forwarded to the Presidents 
for approval. 

6. Practices in the Planning and Development of 

Facilities 

a. Coordinated load predictions 

A Load Prediction Committee generates 
short- and long-range predictions updated 
twice a year or oftener for approval by the 
Presidents. 


b. Coordinated planning for reserves 
All reserves are planned by the System Fa- 
cilities Planning Committee. 
c. Coordinated system stability studies 
A function of the Transmission Facilities 
Subcommittee. 
d. Joint facilities development 
Same as (b) above. 
7. Operating Practices. (These functions are all re- 
viewed by the Power Supply Committee) 
a. Exchange of capacity and energy 
Intercompany Power Agreement between 
companies of system provides for central load- 
ing of system by one of the operating com- 
panies. 
b. Coordination of reserves 
Reserves are set up centrally. 
c. Coordination of maintenance 
Maintenance scheduling is done centrally. 
d. Economic dispatch 
Economic dispatch is done centrally for the 
system with a Westinghouse digital computer. 


General 

Allegheny Power System, Inc. or its subsidiaries 
has contracts for interconnection and purchase and 
sale of capacity and energy with American Electric 
Power companies, Pennsylvania-Jersey-Maryland 
companies, Ohio Edison Company and its subsid- 
iary, Virginia Electric and Power Company, and 
Duquesne Light Company. Under the contracts op- 
erating and planning committees coordinate the 
long-range planning and day-to-day operation be- 
tween each company. Participation in joint trans- 
mission load flow and stability studies, coordinated 
maintenance, and daily scheduling of interchanges 
of capacity and energy are typical of the relation- 
ships which exist. A part of the mutual effort in- 
cludes also the interchange of load forecasts and 
capacity data, as well as other study information 
which might be helpful in providing more reliable 
and economic service to our customers. Examples of 
this relationship include ownership of Windsor 
Power Station with Ohio Power (AEP) and owner- 
ship of Fort Martin with Duquesne Light (DL). 

Allegheny Power System, Inc. also owns 1214%2% 
of the capital stock of Ohio Valley Electric Corpo- 
ration (OVEC). Allegheny Power System is repre- 
sented on the OVEC Board. 

The subsidiary operating companies of Alle- 
gheny Power System are parties to the “East Central 
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Area Reliability Coordination Agreement”’— 
“ECAR”. The purpose of ECAR is to further aug- 
ment reliability of the parties’ bulk power supply 
through coordination of the parties’ planning and 


operation of their generation and transmission fa- 
cilities. A complete description of this organization 


will be supplied in another part of the Regional 
report. 


Section B—Coordinated Planning and Development—AEP 


1. Reporting Organization 
a. American Electric Power Company 
2 Broadway, New York, N.Y. 

Type of Organization. 

b. An electric utility holding company. 
2. History of Development 

The American Electric Power Company is an 
electric utility holding company comprising seven 
wholly-owned subsidiary companies operating in 
parts of the seven states of Ohio, Indiana, Michi- 
gan, Virginia, West Virginia, Kentucky and 
Tennessee. 

The American Electric Power Company was 
founded in 1906 as the American Gas and Electric 
Company. Its history of growth has been charac- 
terized by the acquisition of small utilities, operat- 
ing in local communities or limited areas, and the 
integration of their electric facilities through the 
early development of an extensive transmission net- 
work, accompanied by the sale and disposal of their 
gas, traction and other non-electric facilities. This 
has permitted the realization of successive economies 
of scale and improved levels of reliability which, in 
turn has stimulated further growth within the area 
served. 

The integrated nature of the AG&E System with 
the evident benefits and economies derived there- 
from was the basis for its approval under the Public 
Utilities Holding Company Act of 1935. 

In 1958 the name of the company was changed 
from American Gas & Electric Company to Ameri- 
can Electric Power Company in order better to re- 
flect the true nature of its business. 


3. List of Members 

The principal operating companies comprising 
the AEP System are: Ohio Power Company, Indi- 
ana & Michigan Electric Company, Appalachian 
Power Company, Kentucky Power Company, 
Wheeling Electric Company, Kingsport Power 
Company, and Michigan Power Company. In addi- 
tion, the American Electric Power Service Corpora- 
tion has been established, as a subsidiary of the AEP 
Company, to furnish engineering and other special- 
ized services to the operating companies. 


4. Requirements for Participation 

Common ownership. 

5. Organizational Structure 

The American Electric Power Company System, 
while comprising seven principal operating com- 
panies, functions as a single, integrated power sys- 
tem. This objective is accomplished administratively 
by the fact that the president of the parent company 
is also the president of each of the operating sub- 
sidiaries, as well as of AEP Service Corporation. 

The AEP Service Corporation, with its main 
offices in New York and a branch office in Canton, 
Ohio, provides the technological leadership and 
skill for the entire AEP System. It carries out the 
planning of all generation, interconnection, trans- 
mission, subtransmission and related facilities. It is 
responsible for the design and overseas construction 
of all generation and transmission. It orders all 
major equipment, establishes design and construc- 
tion standards, guides the development of major 
distribution improvement programs and conducts 
research. It also operates the System Power Produc- 
tion and Control office in Canton, Ohio, which is 
reponsible for the minute-to-minute operation of 
the AEP System. 

Periodic meetings among Service Corporation 
and operating company personnel, together with 
field trips, permit the necessary interchange of ideas, 
collection of data and review of problems to assure 
the effective development of system plans, programs 
and procedures. 

The centralization of primary responsibility for 
the planning, engineering, design, construction and 
operation of major generation and transmission 
within the Service Corporation and its field organi- 
zations, i.e., Canton Engineering Office and System 
Power Production and Control office, assures the 
most economical and reliable design and operation 
of the AEP System as an integrated unit. Further- 
more this arrangement permits the development of 
uniform standards of design and performance for 
all categories of facilities and service throughout the 
system. 
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6. Practices in the Planning and Development of other, the expected performance of new inter- 
Facilities connections, and the consequences of major 
a. Coordinated load projections disturbances, including transmission outages, 


Load projections of the AEP System are 
made by the Service Corporation on both an 
overall system and intrasystem area basis. The 
former recognize both area growth possibili- 
ties and general economic factors. The latter 
are arrived at following detailed discussion 
and study with field personnel. The area and 
system projections are coordinated by the 
Service Corporation for planning and operat- 
ing purposes. 

. Coordinated planning for reserves 

Since the AEP System is planned and 
operated as well as economically dispatched, 
as one integrated entity, generation reserves 
are provided on a systemwide basis. These 
reserves are continually under study, taking 
into account trends in load growth, equipment 
outage experience, interruptible loads, emer- 
gency overload capabilities of units and most 
importantly the contribution of interconnec- 
tions. In view of the 76 interconnections at 
138 kV, 345 kV and 500 kV now in service 
between the AEP System and _ neighboring 
utilities, with an additional 18 interconnec- 
tions now under construction (2 at 138 kV, 
12 at 345 kV, 2 at 500 kV and 2 at 765 kV), 
the effectiveness of emergency support during 
emergencies is a major factor in determining 
required generation reserves. Specific kilowatt 
commitments in all AEP interconnection 
agreements, together with actual experience 
in interconnected performance, which is con- 
tinually reviewed, have provided a reliable 
indication of the degree of emergency support 
from interconnections which can be expected. 
The development of interconnections and 
interconnection agreements over a period of 
many years has permitted a major degree of 
coordination of reserve planning by AEP and 
its neighbors, 


. Coordinated system stability studies 

In addition to its own internal stability 
studies, the AEP System has entered into 
numerous stability studies with individual 
utilities and groups of interconnected utilities 
from time to time. These studies have been 
directed toward determining the effects of new 
or projected facilities of one system upon an- 
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loss of load and loss of generation. Studies of 
this kind must and have been done on a 
coordinated basis, including all utilities upon 
which the studies in question would have an 
effect. 


. Joint or staggered participation in facilities 


development 


The AEP System has a long history of 
participation with other utilities in facilities 
development. The oldest such example is the 
joint construction of the Windsor Plant on 
the Ohio River in 1916-1917 with the West 
Penn Power Company. This remains one of 
the oldest examples of this kind in the United 
States. 

The most outstanding example was the 
establishment of the Ohio Valley Electric 
Corporation (OVEC) and its subsidiary com- 
pany, Indiana-Kentucky Electric Corpora- 
tion (IKEC), for the supply of about 1,800 
MW to the Atomic Energy Commission’s 
gaseous diffusion plant near Portsmouth, 
Ohio. This project, placed in operation in 
1955-56, involved the construction of two 
major generating plants, extensive 345-kV 
transmission and numerous interconnections 
with adjoining systems. This cooperative 
enterprise involved 15 utility operating com- 
panies, including three companies of the AEP 
System. Other examples of joint or staggered 
participation in facilities may be found in the 
development of numerous interconnection 
arrangements between AEP and neighboring 
utilities. Two of the most recent are: in terms 
of generation, the joint Buckeye Power (a 
group of Ohio cooperatives) Ohio Power 
1,230 MW Cardinal plant now completed 
and in operation and, in terms of transmission, 
the Tidd-Wylie Ridge-Sammis 345-kV_ co- 
ordinated transmission development among 
the Ohio Power Company, Monongahela 
Power Company (APS) and Ohio Edison 
Company and, in addition, a similar project 
involving the construction of 345-kV trans- 
mission on a coordinated basis among the 
Indiana & Michigan Electric Company 
(AEP), Consumers Power Company, Detroit 
Edison Company, Toledo Edison Company 
and the Ohio Power Company (AEP). 


7. Operation Practices 


a. Exchange of capacity and energy 

The AEP System has a long history of 
capacity and energy exchanges. These take 
the form of long-range, firm power sales to 
other utilities as well as interim and short- 
term sales and purchases. In addition, large 
amounts of economy energy are interchanged. 
In two instances, diversity power is also 
interchanged. 


b. Coordination of reserves 


Installed reserves are coordinated by the 
AEP System with other power systems by 
means of two-party interconnection agree- 
ments, each of which provides for emergency 
exchange in specifically guaranteed amounts. 
This permits the reduction in installed reserves 
which constitutes one of the fundamental 
objectives of interconnections. Spinning re- 
serves are coordinated in daily operation by 
the AEP System Power Coordinator with 
other power systems, within the framework 
of ECAR recommended practices, 


c. Coordination of maintenance 
Maintenance coordination is covered in all 
AEP interconnection agreements with a pro- 
vision for specific amounts of power and an- 
nual energy interchange for that purpose. In 
addition to bi-party coordination of genera- 


tion maintenance, AEP as a participant in 
ECAR exchanges information with the other 
participants so as to optimize maintenance 
coordination where possible and to minimize 
simultaneous outages of equipment on the 
combined systems. 


d. Economic dispatch 

Economic dispatch is carried out for the 
entire AEP System by the Power Production 
and Control office. The computer facilities at 
Canton comprise an L&N—IBM combina- 
tion of analog and digital equipment, respec- 
tively. The load-frequency control function 
is essentially assigned to the L&N computer 
with the economic dispatch calculation car- 
ried out every 2 to 3 minutes on the IBM 
computer. 


General 

In addition to its long history of coordination 
with other utilities in the areas of both planning 
and operation through the medium of two-party 
contracts or multi-party contracts, e.g. OVEC, the 
AEP System is a participant in ECAR and has liai- 
son membership in MAIN. As such, the AEP Sys- 
tem interchanges information concerning load, 
generation and transmission projections and par- 
ticipates in joint studies, all in an attempt to con- 
tinue to seek improvements in the reliability and 
economy of its performance. 


Section C—Coordinated Planning and Development—CAPCO 


1. Type of Organization 

Central Area Power Coordination Group 
(CAPCO) is a coordinating group with activities 
in two principal areas: planning and operation. 
2. History of Development 

CAPCO originally formed on December 1, 1964, 
now consists of five major investor-owned electric 
utilities providing service in Northern Ohio and 
Western Pennsylvania. All of the utilities have had 
a long history of participation in the coordination 
of system development and operation. Prior to the 
formation of CAPCO, coordination of activities 
was being fostered by an informal group known as 
the North Central Area—Eastern Poo] Group. 


3. List of Members 
The Cleveland Electric Illuminating Company 


Duquesne Light Company 
Ohio Edison Company 
Pennsylvania Power Company 
The Toledo Edison Company 


4. Requirements for Participation 


Consent of all parties to the Agreement. 


5. Organizational Structure 

The CAPCO organization is headed up by an Ex- 
ecutive Committee, composed of top executives of 
the Member Companies, which is responsible for 
the basic policy and for fostering development of 
new opportunities for mutual benefit. The Execu- 
tive Committee is responsible for recommending 
such transactions, principles, procedures, rules or 
programs as it considers will further the purpose of 
this Agreement. 
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6. Practices in the Planning and Development of 
Facilities 
Activities of the CAPCO group have included 
the following: 


a. Coordinated load projections 


A procedure and format was developed and 
is being used for the compilation and report- 
ing of generation and load data. This data 
will be reviewed and updated annually. 


b. Coordinated planning for reserves 


A working group has explored the devel- 
opment of a method for the analysis of re- 
serves within CAPCO and has explored meth- 


ods of evaluating transmission capabilities. 
c. Coordinated system stability studies 


A working group analyzed and evaluated 
the performance of the present CAPCO sys- 
tems under severe emergency conditions. This 
activity was subsequently taken over by 
ECAR. 

d. Joint or staggered participation in facilities 
development 

Two joint projects involving the CAPCO 
group are being carried out. One such project 
between Duquesne Light and Allegheny 
Power System involves joint ownership of a 
540 MW generating unit. Another project of 
this type between Ohio Edison Company and 
The Cleveland Electric Hluminating Com- 
pany, involves the installation of two 600 MW 
units of additional generating capacity by 
1970. The first unit which came into service 
in early 1969 is on the Ohio Edison system, 
while the second unit, expected to be in serv- 
ice by June 1, 1970, will be on the Illuminat- 
ing Company’s system. The two systems will 
share equally the output of the Ohio Edison 
unit until June 1, 1970, and until 1983 each 
system will provide back-up for one half of 
the other’s unit. Additional 345-kV_inter- 


connecting lines between the companies are 
included in the project. 


e. Pooling arrangement 

A pooling arrangement among the com- 
panies was entered into on September 14, 
1967. This involves the coordination of the 
installation of generating and transmission ca- 
pacity on the systems of the parties. The ini- 
tial program consists of the installation of 
two 625 MW units, one in 1971 and one in 
1972 and two 800 MW units, one in 1973 
and one in 1974. In addition certain pooled 
transmission facilities will be built. 


7. Operating Practices 
a. Exchange of capacity and energy 
Exchange of capacity and energy is carried 
out according to the terms of agreements be- 
tween the companies involved. 
b. Coordination of reserves including spinning 
reserves 
A study has been initiated to review spin- 
ning reserve practices and to determine the 
speed of response of systems during periods 
of rapid load change and emergency. 


c. Coordination of maintenance 

This activity has been practiced for many 
years by the CAPCO companies. To facilitate 
coordination, a working group has developed 
a standard system of monthly reporting of 
maintenance schedules and net margins. 
Quarterly meetings have been set up to review 
overall net margins and revise schedules to 
levelize net margins. 


d. Economic dispatch including description of 
control facilities 
Within the CAPCO group economic dis- 
patch is being carried out by the individual 
companies or by the integrated systems utiliz- 
ing in many cases digital or analog computers. 


Section D—Coordinated Planning and Development—CCD 


1. Type of Organization 

The CCD group is comprised of three separate 
companies who have agreed to coordinate their 
generation and transmission planning and to build 
as tenants in common certain generation and bulk 
transmission facilities in which each company will 


own a specified undivided share. These facilities will 
be operated under agreements mutually acceptable 
to the companies. 


2. History of Development 


On June 22, 1962 the three companies, through a 
Declaration of Intent, agreed to plan together for 
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the development of the most effective power systems 
to provide a high order or economical and reliable 
power supply to the many communities and con- 
sumers they serve. As a result of this Declaration of 
Intent these companies have now agreed to build, 
as tenants in common, additional large units with 
net generating capacity totaling 3,560,000 kW at an 
estimated cost of $460,000,000, at four different 
sites, and 415 miles of 345 kV high voltage trans- 
mission lines and associated substation facilities at 
a cost of $59,415,000. In addition, as further relia- 
bility insurance these companies, either as tenants 
in common or individually, have installed or have 
on order for early installation peaking, quick- 
start-up diesel or gas turbine type generating facili- 
ties totaling 323,000 kW at strategic locations. 

Individually, these companies have installed or 
have active plans for early installation within their 
respective service areas, a total of 185 miles of addi- 
tional 345 kV transmission lines and associated sub- 
station facilities at an estimated cost of $42,440,000. 

These plans provide for commonly owned gener- 
ating capacity needs through the anticipated sum- 
mer peak of 1975. An additional estimated 216 
miles of commonly owned 345 kV lines will be 
needed to take care of the power to be generated at 
the generating units to be installed in 1973 and 
1975 (1,380,000 kW). These lines are now being 
studied and will be planned and provided for in 
ample time to meet the need. 

All of the above plans have been coordinated 
with the generation and transmission construction 
plans of other companies adjoining the areas of the 
companies. 


3. List of Members 
The Cincinnati Gas & Electric Company 
139 East Fourth Street 
Cincinnati, Ohio 45201 


Columbus and Southern Ohio Electric 
Company 

215 N. Front Street 

Columbus, Ohio 43215 


The Dayton Power and Light Company 
25 N. Main Street 
Dayton, Ohio 45401 


4. Requirements for Participation 

There are no formal requirements for participa- 
tion. The Declaration of Intent signed by the three 
companies sets out the basic aims. By mutual agree- 
ment through Memoranda of Understanding and 
other Basic Agreements, the companies have imple- 
mented this Declaration. 


5. Organizational Structure 

There is no organizational structure. It is a group 
of three companies whose representatives meet 
from time to time to discuss common power supply 
and transmission problems and the planning there- 
for. Recommendations are made by these repre- 
sentatives which, to become effective, must be 
unanimously approved by the managements of the 
companies. 


6. Practices in the Planning and Development of 

Facilities 

a. Load projections and forecasts of the three 
companies are coordinated. 

b. The Companies will establish a minimum re- 
serve standard and have agreed on equaliza- 
tion of reserves. 

c. Many system stability and power flow studies 
have been and are being made by the com- 
panies together with the neighboring com- 
panies, and with the ECAR group of com- 
panies in order to coordinate transmission 
planning. 

d. The three companies participate in facilities 
development as tenants in common. Their 
participation is neither staggered nor joint. 


7. Operating Practices 

Agreement has been reached that: 

a. There will be exchanges of capacity and 
energy (as in the past, but more thoroughly 
coordinated). ; 

b. There will be coordination of reserves, in- 
cluding spinning reserves, and exchanges of 
capacity in order to equalize reserves. 

c. There will be coordination of maintenance 
(as in the past). 

d. Consideration is being given to economic 
dispatch. 


Section E—Coordinated Planning and Operations (Kentucky-Indiana Pool) 


1. Reporting Organization 
The Kentucky-Indiana Pool. 
Type of Organization 
Planning and Operating Pool. 


2. History of Development 
Since the Kentucky-Indiana Pool is an outgrowth 


of the Indiana Pool, the history of the Indiana Pool 
will be traced first. 
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A. The Indiana Pool 


The Indianapolis Power & Light Company and 
Public Service Indiana are investor-owned com- 
panies which operate in 68 of the 92 Indiana coun- 
ties. They have been interconnected for a number of 
years and have each received certain operating bene- 
fits through an interconnection agreement. 

In May 1962, a new interconnection agreement 
between the two companies was signed which pro- 
vided for operating benefits in addition to those 
provided in the original interconnection agreement 
and also provided for certain transmission facilities 
of benefit to both companies. 

Since Indianapolis Power & Light Company ex- 
periences a summer peak and Public Service 
Indiana experiences a winter peak, an amount of 
diversity power was available to be exchanged be- 
tween the companies during these seasonal periods. 
In December of 1962, a Seasonal Power Exchange 
Agreement was signed which provided for the ex- 
change of this diversity power. 

The Indiana pool proper was created in April 
1964 by the signing of the Indiana Pooling Agree- 
ment. The Indiana Pooling Agreement includes 
some of the provisions of the Seasonal Power Ex- 
change Agreement, but operating provisions were 
excluded since they were previously set forth in the 
interconnection agreement. Perhaps the one most 
significant feature of this agreement is its “one 
system” approach to generation and transmission 
expansion. 

The Indiana Pool operation commenced May 1, 
1967, shortly before Indianapolis Power & Light’s 
Petersburg No. 1 unit went into commercial 
operation. 


B. The Kentucky-Indiana Pool 


The Kentucky Utilities Company is an investor- 
owned company which operates in 78 of the 120 
Kentucky counties and 5 of the 98 Virginia coun- 
ties. While not directly interconnected at present 
to either the facilities of Public Service of Indiana 
or Indianapolis Power and Light, transmission lines 
are so situated that such interconnection is not 
difficult. 

In May 1967 a letter of intent was signed by 
Indianapolis Power & Light Company, Kentucky 
Utilities Company and Public Service Company 
of Indiana, Inc. to form the Kentucky-Indiana Pool 
to be known as KIP. The pooling and operating 
agreement among the three companies was signed 


on September 5, 1968. Preparation of a facilities 
agreement to allocate interconnection costs is under 
way at present. 

The Kentucky-Indiana Pool will commence op- 
erations on May 1, 1970, when Public Service 
Indiana’s Cayuga No. 1 unit goes into commercial 
operation. Coordinated planning for the pool has 
been proceeding using the principles of the Indiana 
Pooling agreement following the signing of the letter 
of intent in May 1967. General principles for plan- 
ning and operations in KIP are expected to be much 
the same as are now provided by the planning and 
interconnection agreements of the Indiana Pool. 


3. List of Members 

Kentucky Utilities Company, a Kentucky Cor- 
poration, and Indianapolis Power & Light Com- 
pany and Public Service Company of Indiana, Inc., 
both Indiana corporations, are the members of the 
Kentucky-Indiana Pool. 


4. Requirements for Participation 

Acceptance of the provisions of the Kentucky- 
Indiana Planning and Operating Agreement and 
facilities available for ready interconnection to one 
of the members of the pool if not already so 
interconnected. 


5. Organizational Structure 

The formation of the Kentucky-Indiana Pool 
will not change the organizational structure of any 
of the operating companies. The KIP Planning and 
Operating Agreement is expected to establish only 
two committees, a Planning Committee and an 
Operating Committee. Their foreseen general func- 
tions are outlined below: 


Planning Committee 


This Committee will operate under a one-system 
approach in planning the installation of generating 
units, purchases of firm power and installation of 
new transmission facilities and interconnections. 
This committee will generally: 

a. agree upon power plant capability determina- 

tions 

b. agree upon purchased power and power sales 

classifications 

c. set up accounting procedures for billing pool 

transactions 

d. establish long-range maintenance schedules 

e. review adequacy of transmission facilities of 

the companies 
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f. review the expected future load growth of each 
company’s system 

g. make recommendations to the chief executives 
of the companies with respect to added re- 
serves and pool transmission facilities required 
to meet such load growth. 


The chief executives are expected to act upon the 
recommendations of the Planning Committee by an 
exchange of letters mutually agreeing to the best 
manner for the companies to increase the pool re- 
serve (by installing generating capacity or by the 
purchase of power) and further agree as to which 
company and on what date such action shall be 
taken to increase the pool reserve. 


Operating Committee 


The Operating Committee will be fully author- 

ized to determine and agree upon the following: 

a. All matters pertaining to the coordination of 
maintenance of generating and transmission 
facilities of the companies. 

b. All matters bearing upon the satisfactory 
synchronous operation of the systems of the 
companies. 

c. Such matters not specifically provided in the 
KIP Agreement necessary for the coordina- 
tion of the systems to the end that the poten- 
tial savings will be realized to the fullest, 
practicable extent. 


6. Practices Expected for the Planning and Devel- 
opment of Facilities 
a. Coordinated load projections 
Each company to supply the Planning Com- 
mittee with a 5-year load forecast every 6 
months. The first 36 months of these fore- 
casted demands are to be considered firm and 
not subject to revision and are to be used to 
determine billing and reserve quantities. 


b. Coordinated planning for reserves 

It is the objective of the companies to col- 
lectively provide an actual pool reserve of not 
less than 12% for any month during the term 
of the Indiana Pooling Agreement. With an- 
ticipated larger unit sizes present plans en- 
vision actual future reserves to be between 
15% and 22%. ECAR criteria will also be 
considered. 


c. Coordinated system stability studies 


The Planning Committee will conduct any 
studies necessary to determine the security of 
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the pool considering the additional transmis- 
sion and generation facilities. ECAR criteria 
will be considered. 


. Joint or staggered participation in facilities 


development 


Capacity normally is expected to be in- 
stalled and owned by the individual com- 
panies; however, the KIP Agreement 1s 
expected to provide for joint ownership should 
it be recommended by the Planning Commit- 
tee. As explained in item a. of section 7, sur- 
plus reserves are shared by the pool members. 


7. Operating Practices 


a. Exchanges of capacity and energy 


The Pooling Agreement is expected to re- 
quire that the reserves of the individual com- 
panies be equal and provide that a company 
having surplus capacity shall sell to a deficient 
company. The reserves are based on the high- 
est system demands in the winter and summer 
6-month periods. Energy may or may not be 
exchanged up to the extent of the capacity 
required for equalizing reserves. 

The KIP Agreement is also expected to 
provide for interchange of power to equalize 
remaining available reserves on a day-to-day 
basis when one or more of the companies ex- 
perience outages of generating units or are 
otherwise short of available operating reserves. 

The KIP Agreement is expected to provide 
for several classifications of power exchanges 
including emergency, economy, surplus and 
short term. 


. Coordination of reserves, including spinning 


reserve 

Coordination of installed and currently 
available reserves has been explained in a. 
above. Spinning reserve is provided by each 
company based on its own load situation. 


. Coordination of maintenance 


As explained previously, long-range main- 
tenance forecasts are to be exchanged by the 
companies. The KIP Agreement will provide 
for capacity and energy exchange to accom- 
plish maintenance programs by equalizing 
currently available reserves. 


. Economic dispatch 


Each company dispatches its system on an 
economic basis. Economy capacity and energy 


exchanges realize further economies in sys- 
tem operation. Both Public Service Indiana 
and Kentucky Utilities Company have in- 
stalled Westinghouse Prodac 510 digital eco- 
nomic dispatch systems and Indianapolis 
Power & Light Company has an L & N Ana- 
log control system for economic dispatch. 


General 

The Kentucky-Indiana Pool has many intercon- 
nections with surrounding systems. The Indianap- 
olis Power & Light Company has an interconnec- 
tion agreement with Indiana & Michigan Electric 
Company and Public Service Indiana has intercon- 
nection agreements with Northern Indiana Public 
Service Company, Indiana & Michigan Electric 
Company, Cincinnati Gas and Electric Company, 
Louisville Gas and Electric Company, Central II- 
linois Public Service Company, and Southern Indi- 
ana Gas and Electric Company. Kentucky Utilities 
Company has interconnection agreements with 
Ohio Power and Kentucky Power Companies, Ap- 
palachian Power Company, Central Illinois Public 


Service Company, Louisville Gas & Electric Com- 
pany, Ohio Valley Electric Corporation, Indiana- 
Kentucky Electric Corporation, Electric Energy 
Incorporated, Tennessee Valley Authority, East 
Kentucky Rural Electric Cooperative Corporation 
and the City of Owensboro, Kentucky. These agree- 
ments provide arrangements for the interchange 
of power and energy covering one or more of the 
following classifications of transfer: emergency, 
economy, maintenance and short term. Many oper- 
ating economies are effected through these agree- 
ments. 

All KIP members are part of the group partici- 
pating in the East Central Area Reliability Coordi- 
nation Agreement in which plans for facilities and 
for operation of such facilities must meet certain 
minimum criteria. 

The Indiana Pool is a liaison member of the 
Mid-America Inter-Pool Network regional plan- 
ning organization and individuals from the Indiana 
Pool regularly attend meetings of the planning and 
operating working groups. 


Section F—Coordinated Planning and Development, Kentucky, Illinois, Indiana 
Cooperatives (KII Pool) 


1. Type of organization 
a. Planning and Operating Pool composed of 
Big Rivers R.E.C.C., Henderson, Ky., Wil- 
liam W. Rumans, Manager; Hoosier Energy 
Division, Bloomington, Ind., Frank Ratts, 
Manager; Southern Illinois Power Coopera- 
tive, Marion, IIl., Tom Clevenger, Manager. 


2. History of Development 

Southern Illinois Power Cooperative commenced 
operation as an isolated electric utility in Southern 
Illinois in 1961. Southern Illinois Power Coopera- 
tive serves three REA financed distribution coop- 
eratives in the southern part of Illinois. 

Big Rivers R.E.C.C. commenced operation on 
January 1, 1966, serving three REA financed dis- 
tribution type cooperatives in 14 counties in West- 
ern Kentucky. Big Rivers has an interconnection 
contract with the Southeastern Power Administra- 
tion interconnecting at the Corps of Engineers 161 
kV bus at Barkley Dam. 

Hoosier Energy Division of the Indiana State- 
wide Rural Electric Inc., expects to commence op- 
erations on November 1, 1968 (since delayed by 


litigation) serving REA financed distribution co- 
operatives in central and southern Indiana. 

In 1965 the three wholesale generating and trans- 
mitting cooperatives formed a planning and oper- 
ating pool that commenced operation on July 1, 
1967 when a 69 kV interconnection between South- 
ern Illinois Power Cooperative and Big Rivers was 
completed. 

Interconnections at 161-kV levels are planned by 
the Big Rivers R.E.C.C. and Hoosier Energy Divi- 
sion in 1968. A 161-kV interconnection between 
Southern Illinois Power Cooperative and Big 
Rivers will be made during 1969. 

Southern Illinois Power Cooperative and Hoosier 
Energy have made contracts with SEPA utilizing 
the transmission facilities of Big Rivers R.E.C.C. 


3. List of Members 
The members of the Planning and Operating 

Pool are: 
Big Rivers R.E.C.C., 201 Third Street, Hen- 
derson, Ky.; Southern Illinois Power Coopera- 
tive, Box 689, Marion, IIll.; Hoosier Energy 
Division, 403—C S. Washington St., Blooming- 
ton, Ind. 
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4. Requirements for Participation 


No finite rules for membership have been set 
forth by the three members. Other electric utilities 
desiring to participate in the pool operation under 
pool agreement would be eligible for admission upon 
application to either of the three pool members. 

Henderson Municipal Power and Light, Hender- 
son, Kentucky, has requested admission as a mem- 
ber commencing upon the completion of their new 
power plant in 1968. 


5. Organizational Structure 


The interconnection agreement provides for an 
operating committee consisting of one representa- 
tive and one alternating representative from each 
member. The duties of the operation committee 
include the following. 

The Operating Committee shall consist of one 
representative and an alternate representative of 
each party. Each representative and alternate shall 
be designated in writing delivered by each party 
to the other and shall be a responsible person con- 
nected with day-to-day operations of the respective 
party. The duties of the Operating Committee shall 
include the following: 

(a) Determine generating capacity of each 
party. 

(b) Determine spinning reserve requirements 
of each party. 

(c) Determine capacity kilowatt losses for each 
party. 

(d) Determine coincident interconnected sys- 
tem’s annual maximum demand. 

(e) Determine each party’s annual maximum 
demand. 

(f) Determine schedule of interim power for 
each party. 

(g) Determine mutually agreeable points of 
delivery. 

(h) Determine fuel costs, maintenance costs, 
and costs of placing units and plants into 
operation. 

(1) Determine transmission line compensation. 

(j) Determine interconnection facilities re- 
quired. 

(k) Schedule maintenance of generating units 
and major transmission facilities. 

(1) Such other duties as may be mutually 


agreed to by the parties. If the Operating 
Committee is unable to agree unanimously 
on any matter coming under its jurisdic- 
tion, such matters shall be referfed to the 
respective managements of the parties for 
decision. The Operating Committee shall 
meet as often as may be mutually agreed 
upon and at such times and places as may 
be agreed upon. Each party shall pay its 
own committee expense. Costs for joint 
planning studies or other costs shall be 
shared as mutually agreed by the parties. 


6. Practices in the Planning and Development of 
Facilities 


a. Coordinated load predictions 


Each member makes estimated load re- 
quirement and at the present time these esti- 
mates are correlated into a pool requirement 


by Big Rivers R.E.C.C. 


b. Coordinated planning for reserves 


All reserves required by the integrated sys- 
tem is determined by meetings of the operat- 
ing committee. 


c. Coordinated system stability studies 


The operating committee has employed 
consulting engineers to prepare stability 
studies. 


d. Joint facilities development 


The operating committee determines all re- 
quirements for the integrated system at the 
161-kV transmission level and all generating 
requirements. 


7. Operating Practices 


The pool has not started actual operation. Lim- 
ited operations will begin July 1, 1967. 

Central dispatching will be established for the 
pool and is expected to be in operation by 1969. In 
the interim, dispatching will be coordinated be- 
tween the members by system operators. 

The interconnection agreement provides for 
exchange of interim power, emergency power, 
economy energy, coordination of system reserves, 
coordination of spinning reserves, mutual use of 
transmission facilities, and mutual assistance during 
emergencies. 


II—2-100 


j 


Section G—Coordinated Planning and Development—Michigan Pool 


1. Type of: Organization 
Planning and Operating Pool. 


2. History of Development 


The first 138-kV interconnection was installed in 
1928 between Consumers Power’s Blackstone Sub- 
station near Jackson and Detroit Edison’s Superior 
Substation near Ypsilanti. This interconnection was 
used for the exchange of surplus energy and the 
transfer of energy during emergencies upon the 
system of either party. 

In January 1949, Consumers and Edison exe- 
cuted a Power Interchange Agreement, effective as 
of January 1, 1949, by which the Blackstone- 
Superior line was to be increased in capacity, Pro- 
vision was also made for the construction of a 
second high-voltage interconnection between Con- 
sumers’ Hemphill Substation near Flint and Edison’s 
system near Hunter’s Creek. In addition to pro- 
vision for mutual assistance during emergencies, the 
parties agreed to effect the maximum practicable 
economy in providing the electric power require- 
ments of each system by coordination of their power 
supply programs, the sharing of reserve capacities, 
and by coordinated parallel operation of their re- 
spective systems to take mutual advantage of any 
economies in generation as well as any diversity 
between system loads. In 1952, a third high-voltage 
tie line was constructed between the two systems, 
extending from Consumers’ J. R. Whiting generat- 
ing plant to Edison’s Monroe Substation at Monroe. 

In December 1962, Consumers and Edison 
entered into an Electric Power Pooling Agreement, 
effective at once, which provides for pooled opera- 
tions, coordination of planning and construction of 
electric generating and transmitting additions, the 
rendering of mutual assistance during emergencies, 
and the effecting of maximum economy in provid- 
ing the electrical requirements of each system. From 
the inception of the agreement, the parties have 
engaged in continuous interchange of energy on an 
economy basis and have practiced joint planning of 
system development and operation. Six Pool units, 
one new 138-kV interconnection and nine new 345- 
kV interconnections, have been authorized and are 
presently under construction. In addition, a large 
pumped hydro project of 1,872 MW has been au- 
thorized under a joint ownership agreement. 


3. List of Members 


a. Consumers Power Company 


b. The Detroit Edison Company 


4. Requirements for Participation 

By mutual agreement of Consumers and Edison, 
a third party may enter into these pooling 
arrangements. 


5. Organizational Structure Including Official Posi- 
tions, Any Committees and their Functions, and 
Methods of Arriving at Decisions Affecting 
Members of the Coordinating Group. 


Five committees have been established to carry 
out the pooling objectives; an Administrative Com- 
mittee, a Planning Committee, and Operating 
Committee, a Fiscal Committee and a Public Infor- 
mation Committee. 

The responsibilities of the Administrative Com- 
mittee include: 

a. Consideration of any matters in connection 
with the administration of the Agreement 
such as interpretation of the Agreement, 
possible amendments or alterations thereto, 
supplementary agreements desirable or neces- 
sary in carrying out the objectives of the 
Agreement and related matters not specifi- 
cally covered by the Agreement. 

b. Making recommendations to the respective 
parties’ managements regarding authorization 
of expenditures for facilities. 

c. General supervision over, and the coordina- 
tion of, the Planning, Operating, Fiscal and 
Public Information Committees. 

The duties of the Planning Committee include: 

a. Correlation of forecasts of loads and capability 
requirements. 

b. Development of and making recommendations 
respecting optimum expansion plans and re- 
quired written Agreements. 

c. Development of and making recommendations 
respecting methods to share the savings from 
coordinated planning and operation of the 
parties’ systems. 

d. Development and completion of stability and 
load flow studies for assured dependability 
and security of bulk power supply. 

e. Consideration of such other engineering mat- 
ters as may, from time to time, arise in carry- 
ing out the objectives of the Agreement or as 
may be referred to it by the Administrative 


Committee. 
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The duties of the Operating Committee include: 
a. All matters related to the day-to-day opera- 


f. Consideration of such other fiscal or plant 


accounting matters as may, from time to time, 


tion of the pool for lowest overall cost con- 
sistent with security of bulk power supply. 
. Development of procedures for and imple- 
mentation of power exchanges between the 
Pool and other pools. 
. Coordination of maintenance of generating 
units and transmission lines. 
. Derivation, supplementation and implemen- 
tation of Pool operating practices. 
. Determination and making of recommenda- 
tions respecting net demonstrated capability 
for all owned generation, making recommen- 
dations whether or not to include nonutility 
party capacity in forecasted pool capability, 
and if included, to recommend ratings there- 
fore, making recommendations respecting 
periodical testing procedures to determine 
common capacity rating methods, determina- 
tion of the availability of generation facilities 
and their status if on cold standby, and 
making recommendations respecting the 
timing and rating for any change in capacity 
of either party’s generation facilities. 
. Calculation of capacity and energy charges re- 
quired between the parties hereto, and be- 
tween a party or the parties hereto and other 
entities. 
. Consideration of such other operation mat- 
ters as may, from time to time, arise in carry- 
ing out the objectives of the Agreement or as 
may be referred to it by the Administrative 
Committee. 


The duties of the Fiscal Committee include: 


a. Development of appropriate elements, meth- 
ods of calculation, and values for capacity 
charges. 

. Making recommendations respecting appro- 
priate payments between the parties to equal- 
ize annual costs for lines and other facilities 
which interconnect the parties’ systems. 

. Development of capitalization bases to be 
utilized in accordance with the terms of the 
Agreement. 

. Maintenance of appropriate financial rec- 
ords as requested by the Administrative 
Committee. 

. Advising the Administrative Committee 
promptly of any change or revision of plant 
accounting or fiscal procedures of either party 
as effects the Agreement. 


arise in carrying out the objectives of the 
Agreement or as may be re-referred to it by 
the Administrative Committee. 

The duties of the Public Information Committee 

include: 

a. Development of principles and policies re- 
garding the dissemination of public informa- 
tion on any phase of pooling activity. 

b. The preparation and release of all public an- 
nouncements and information to newspapers, 
radio, television and others news media that 
pertain to (i) major planning developments 
of the Pool, and (ii) major developments and 
events in the operation of the Pool. 

General 
All decisions respecting expenditures for genera- 


tion as regards Pool units, expenditures for trans- 


mission as regards Pool units and expenditures for 
Pool interconnections are mutually agreed upon by 
the managements of both the Detroit Edison 
Company and Consumers Power Company. 


6. Practices in the Planning and Development of 
Facilities 
a. Coordinated load projections 


Each company develops individually its 
own load projections for the existing year and 
future years, up to and including 20-year pro- 
jections for economic studies. The combined 
load estimates of both companies are com- 
pletely coordinated in the planning of all 
generation and transmission facilities. 

b. Coordinated planning for reserves 

The reserve requirement for the Pool is 
developed jointly. This includes the projec- 
tion of loads, maintenance requirements and 
estimated forced outage requirements. The 
forced outage requirements are determined by 
probability studies. The reserve to be credited 
because of interconnections with parties out- 
side the State of Michigan are jointly studied 
and agreed upon by the Pool. These reserves 
are shared equally. The allowance for load 
forecast error and regulation is mutually 
determined by the Pool. 


c. Coordinated system stability studies 
Comprehensive system stability and load 
flow studies are conducted for all years. They 
include studies for the present year, studies for 
future years with the addition of Pool units 
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and studies with future years as new intercon- 
nections are developed outside the State of 
Michigan. These studies are run for selected 
contingencies and include disaster cases such 
as loss of an entire generating plant. 


. Joint or staggered participation in facilities 
development 

All Pool generating units are participated in 
jointly. The capacity is shared on an equaliza- 
tion of reserve basis throughout the period 
when the unit is a Pool unit. Normally, this 
sharing continues until the next Pool unit is 
installed. At that time, the previous unit re- 
verts to the owning party and purchases and 
equalization of reserves are accomplished on 
the new Pool unit. Sharing of transmission 
associated with Pool units is accomplished in 
the same manner. Fixed, operating and main- 
tenance costs of interconnection transmission 
facilities are shared equally by the parties. 
These practices result in planning and par- 
ticipation on a completely coordinated basis. 


7. Operating Practices 


a. Exchanges of capacity and energy 


Firm purchases of capacity and energy from 
Pool units and, in special cases, from non- 
pool units, are provided for and accomplished. 
Prior to the installation of the first Pool unit, 
Detroit Edison had a firm purchase of capac- 
ity and energy from Consumers Power’s Wea- 
dock No. 7 unit for a period of two years. 
Present signed agreements provide for shar- 
ing of the following Pool Units that are now 
in service or authorized: 


Consumers Power—Campbell 2__ 1967 
Detroit Edison—Trenton Chan- 


Melis rete. See eas 1967 
Detroit Edison—St. Clair 7___~- 1968 
Consumers Power—Palisades 1__ 1970 
Detroit Edison—Monroe 1_____-_ 1970 
Detroit Edison—Monroe 2_____- 1971 
Joint—Ludington 1-6___----_--- 1973 


For emergency conditions, all reserve in the 
entire Pool is available to the party that is 
meeting the emergency. 

All energy delivered over the interconnec- 
tion between the parties (other than specific 
purchases out of specific units) is considered 
as free flowing with all cost accounting done 
on a split-the-savings basis. 
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b. Coordination of reserve including spinning 
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As stated in 6 above, the planned reserve 
for the Pool is completely coordinated. Spin- 
ning reserve in the day-to-day operation is 
completely coordinated with each party re- 
sponsible for providing its proportion of the 
total requirement based on relative loads each 
hour. Provision is made, and in practice 
occurs, for the hour-by-hour purchase and sale 
of spinning reserve on economic, system and 
sub-area reliability bases. 


. Coordination of maintenance 


Maintenance is completely coordinated by 
the Operating Committee. Yearly mainte- 
nance schedules are jointly prepared and day- 
to-day maintenance is also coordinated and 
accomplished. 


. Economic dispatch including description of 


control facilities 


All units in the State of Michigan are dis- 
patched on a common basis for the lowest cost 
in the Pool after assuring area reliability. 
Presently, Detroit Edison dispatches by an on- 
line computer with Consumers Power’s dis- 
patchers utilizing output from Computer 
analyses on a manual basis. By early 1969 all 
Consumers Power and Detroit Edison generat- 
ing units will be dispatched from a central 
dispatch center manned by personnel from 
both companies. 


Other Agreements 


a. Consumers Power Company-City of Lansing 


Interconnection Agreement 

In 1941 a 46 kV interconnection was in- 
stalled between Consumers Power Company 
and the City of Lansing for the transfer of 
energy during emergencies. In 1964 Con- 
sumers Power and the City of Lansing ex- 
ecuted a new agreement effective immediately. 

The interconnection was strengthened and up- 

rated at that time. The new agreement pro- 

vides for emergency assistance up to the limit 
of the interconnection. 

A Planning Committee was established and 
its duties include: 

(1) Exchange of data on load forecast and 
planned generation capabilities for a 
period at all times extending four years 
into the future. 


(2) Consideration of any engineering mat- 
ters that may arise in connection with the 
agreement. 

An Operating Committee was established 
and its duties include: 

(1) All matters related to the day-to-day op- 
eration of the interconnections between 
the two parties. 

(2) All matters relating to operating condi- 
tions during emergency situations. 

Load, capability and reserve data are in- 
terchanged and utilized by the Planning 
Committee. Stability studies have been con- 
ducted and day-to-day maintenance coordi- 
nation and spinning reserve coordination are 
accomplished as required. No economic dis- 
patch between the parties is accomplished at 
this time. 


. Consumers Power Company-City of Holland 
Agreement 

A 46-kV interconnection was made in 1955 
between Consumers Power Company and the 
City of Holland along with a contract for 
electric service. A new agreement was exe- 
cuted in 1967 that provides for the interchange 
of capacity and energy and establishes an 
Operating Committee and a Planning 
Committee. 


. The Detroit Edison Company-City of Wyan- 
dotte 

In 1964 Detroit Edison and the City of 
Wyandotte executed a new interchange 
agreement and authorized a new interconnec- 
tion to be completed early in 1966. The con- 
tract provides for: 


(1) Rendering mutual assistance during 
emergencies, and 

(2) Effecting the maximum economy prac- 
tical within the limits of satisfactory op- 
erating conditions as determined by each 
party in providing the electric power re- 
quirements of each utility. 

A Policy Committee was created to be re- 
sponsible for carrying out the general provi- 
sions and intent of the agreement and to 
supervise the Scheduling Committee. 

A Scheduling Committee was created to: 
(1) Handle all matters pertaining to the day- 

to-day scheduling of energy. 

(2) To determine rates and charges under 
various conditions of interchange. 

(3) To be responsible for all matters per- 
taining to the coordination of mainte- 
nance. 

(4) To perform any other matters as may be 
delegated it by the Policy Committee. 

The contract provides for maintenance co- 
ordination, provision for firm capacity pur- 
chase and sale and economy energy exchange. 


. The Detroit Edison Company-City of De- 


trott 

Interconnections between The Detroit Edi- 
son Company and the City of Detroit were 
made in 1931, with the contract revised in 
1939. The contract provides for the transfer 
of energy during emergencies. 


. Other Agreements 


Consumers Power-Detroit Edison-Ontario 
Hydro. 


Section H—Coordinated Planning and Development—Michigan-Ontario 


1. Type of Organization were used for the exchange of surplus and the 
transfer of energy during emergencies on the 
system of either party. The agreement had 


provisions also for coordinating maintenance 


Planning and Operating Agreement. 


2. History of Development 


a. The first interconnections were installed in 


1953 between Detroit Edison and Ontario 
Hydro. Consumers Power was not a party at 
that time to the agreement. Two 120-kV in- 
terconnections were installed, one between 
Edison’s Marysville Plant and Ontario Hy- 
dro’s Sarnia Substation and one between Edi- 
son’s Waterman Substation and Ontario Hy- 
dro’s Keith Plant. These interconnections 
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and for purchase and sale of spinning re- 
serve. The agreement provided for an Ad- 
ministrative Committee and a Scheduling 
Committee to handle all facets of the 
Interconnection agreement and _ actual 
operation. 


- In February 1966, Consumers Power, De- 


troit Edison and Ontario Hydro executed a 


a 


new interconnection agreement effective im- 
mediately. A third high-voltage interconnec- 
tion between Edison’s St. Clair Plant and On- 
tario’s new Lambton Plant was provided for 
with construction to be completed by Decem- 
ber 1966. The new interconnection was to be 
operated initially at 120-kV with transforma- 
tion to 345-kV scheduled in 1968. The new 
agreement provides for emergency assistance, 
exchange of surplus energy, the emergency 
exchange of kilovars and spinning reserve, co- 
ordinated maintenance and provision for co- 
ordinated development to the extent mutu- 
ally deemed desirable. 

c. A new agreement is being prepared which will 
make provision for several additional coordi- 
nation measures. These include Annual Di- 

Short 

Term Power, Security Energy and System 


versity, Coordinated Maintenance, 


Optimization Services. 


3. List of Members 
a. Consumers Power Company. 
b. The Detroit Edison Company. 
c. The Hydro-Electric Power Commission of 
Ontario. 


4. Requirements for Participation 
Limited to the three parties listed in 3 above. 

5. Organizational Structure Including O fficial Posi- 
tions, any Committees and their Functions, and 
Methods of Arriving at Decisions Affecting 
Members of the Coordinating Group 


Three committees have been established to carry 
out the interconnection objectives; an Administra- 
tive Committee, a Planning Committee and an 
Operating Committee. 

a. The responsibilities of the Administrative 

Committee include: 

(1) Consideration of any matters in connec- 
tion with the administration of the 
agreement such as interpretation of the 
agreement, possible amendments or alter- 
ations thereto, supplementary agreements 
desirable or necessary in carrying out the 
objectives of the agreement and related 
matters not specifically covered by the 
agreement. 

(2) Making recommendations to the respec- 
tive parties’ managements regarding au- 
thorization of expenditures for facilities. 


(3) General supervision over, and the coordi- 
nation of, the Planning and Operating 
Committees. 

b. The duties of the Planning Committee 
include: 

(1) Correlation of forecast of load and capa- 
bility requirements. 

(2) Performance of the necessary engineering 
studies to determine the adequacy of 
existing interconnections. 

(3) Performance of the necessary engineering 
and economic studies on increasing the 
total interconnection capability. 

(4) Performance of the necessary engineering 
and economic studies relating to pro- 
posals for coordinated development of 
facilities. 

(5) Report and recommend to the adminis- 
strative committee on the agreements and 
facilities required and on the sharing of 
costs and benefits. 

(6) Consideration of such other engineering 
matters as may arise in carrying out the 
objectives of the agreement or as may be 
referred to it by the Administrative 
Committee. 

c. The duties of the Operating Committee 
include: 

(1) All matters related to the operation of 
the parties’ systems including purchases 
and sales of capacity, energy, spinning 
reserve and the like. 

(2) Calculations monthly of capacity and 
energy charges. 

(3) Coordination of maintenance. 

(4) Consideration of such other operating 
matters as may arise in carrying out the 
objectives of the agreement or as may be 

referred to it by the Administrative 
Committee. 


General 

All decisions respecting expenditures as regards 
strengthening of present interconnections or con- 
struction of new interconnections are mutually 
agreed upon by the managements of the three 
parties. 


6. Practices in the Planning and Development of 
Facilities 
a. Coordinated load projections 


Each company develops individually its 
own load projections for the existing year and 
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future years up to and including 20-year 
projections for economic studies. The com- 
bined load estimates are utilized in all 
planning studies. 


. Coordinated planning for reserve 


The reserve requirement for Michigan is 
developed jointly by Consumers Power and 
Detroit Edison. This includes the projection 
of loads, maintenance requirements and 
estimated forced outage requirements. The 
reserves to be credited because of intercon- 
nections with parties outside the State of 
Michigan are studied and agreed upon by 
Consumers Power and Detroit Edison and are 
shared equally between the two. 

The reserve requirement for Ontario is de- 
veloped by Ontario Hydro. Both Michigan 
and Ontario utilize all reserve data in the 
development of their planning. 


. Coordinated system stability studies 


Comprehensive system stability and load 
flow studies are conducted for all years. They 
include studies for the present year, studies 
for future years with the addition of author- 
ized interconnection development and for 
later years with expected future interconnec- 
tions. These studies are run for selected con- 
tingencies and include disaster cases such as 
loss of an entire generating plant. 

. Joint or staggered participation in facilities 
development 

The agreement provides for coordinated 
development to the extent mutually deemed 
desirable to achieve possible economies and 
increase security of the bulk power supply. To 
date, no agreements on participation in gen- 
erating units on a staggered construction basis 
have been consummated. 


7. Operating Practices 


a. Exchanges of capacity and energy 


Purchases of emergency capacity and energy 
are provided for and accomplished. Purchases 
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of surplus and economy energy are provided 
for and accomplished. All economy energy is 
handled by cost accounting on a split-the- 
savings basis. 


. Coordination of reserve including spinning 


reserve 


As stated in Item 6 above, the planned 
reserve for the parties is coordinated by the 
Planning Committee. Spinning reserve in the 
day-to-day operation is completely coordi- 
nated with Michigan and Ontario providing 
their own total requirements, respectively. 
Provision is made and in practice occurs for 
the hour-by-hour purchase and sale of 
spinning reserve on economic, system and sub- 
area reliability bases. 


. Coordination of maintenance 


Maintenance is coordinated by the Operat- 
ing Committee to assure maximum reliability 
of the systems. In addition, yearly mainte- 
nance schedules are reviewed by the Planning 
Committee in the development of the eco- 
nomic engineering plans. 


. Economic dispatch including description of 


control facilities 


All units in the State of Michigan are dis- 
patched on a common basis for the lowest 
cost in the Michigan Pool after assuring area 
reliability. All units in Ontario are dispatched 
on a common basis by Ontario, Presently, the 
economy dispatch between Michigan and 
Ontario is handled by the Detroit Edison dis- 
patchers and the Ontario. Hydro dispatchers 
utilizing computer data. It is planned that the 
entire Michigan Pool will be dispatched in 
1969 from a central dispatch center with com- 
munication and control facilities with Ontario 
included. 


Section I—Coordinated Planning and Development 
““MIIO”” GROUP (Michigan-Indiana-lllinois-Ohio) 


1. Type of Organization 
Planning and Operating Agreement. 


2. History of Development 
Starting in 1963, representatives of the Michigan 
Pool (Consumers Power Company-The Detroit 
Edison Company), American Electric Power, Com- 
monwealth Edison Company, Northern Indiana 
Public Service Company and The Toledo Edison 
Company formed a planning group to investigate 
the technical and economic feasibilities of EHV 
interconnections between Michigan and Indiana 
and between Michigan and Ohio. This group also 
developed preliminary contractual agreements for 
consideration of each party’s management. In 
March 1966 interconnection agreements between 
the above parties were signed by the managements 
of the parties. Two 345,000 volt double circuit inter- 
connections are to be constructed and be in service 
in 1969. Michigan terminals of one of these double- 
circuit lines will be at Detroit Edison’s Wayne Sub- 
station with the lines proceeding south through 
—Consumers Power territory with one southern termi- 
nation at Toledo Edison’s Lemoyne Substation and 
the other termination at AEP’s Fostoria Central 
Substation. The other 345,000 volt double-circuit 
interconnection is to terminate at Consumers 
Power’s Palisades Substation and the lines proceed 
southward to AEP’s Olive and Twin Branch 
Substation. 


3. List of Members 
a. Consumers Power Company. 
b. The Detroit Edison Company. 
c. Northern Indiana Public Service Company. 
d. Commonwealth Edison Company. 


e. American Electric Power. 
f. The Toledo Edison Company. 


4, Requirements for Participation 
Limited to the six parties as listed in 3 above. 


5. Organizational Structure including Official Post- 
tions, any Committees and their Functions, and 
Methods of Arriving at Decisions Affecting 
Members of the Coordinating Group 
Two committees have been established to carry 

out the objectives of the parties under the MIIO 

Agreement. A Planning Committee and an Operat- 

ing Committee. 


a. The responsibilities of the Planning Commit- 
tee include: 

(1) Initiating studies and _ investigations 
leading to mutually agreed upon recom- 
mendations to the parties concerning 
adequacy of interconnection facilities, 
staggering of construction and adequacy 
of generating reserves, both individually 
and collectively. 

(2) Keeping abreast of all advances in en- 
gineering technology in fields allied to its 
responsibilities and recommending the de- 
velopment and adoption of new methods 
and possible modifications of the inter- 
connection agreements. 

The conducting of engineering studies 
to determine the feasibility of increasing 
or affirming the effective amount of 


— 
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emergency interconnection assistance 
available. 
b. The duties of the Operating Committee 
include: 


(1) The coordination of the operation of 
each party’s respective facilities in order 
to carry out the terms of the agreements. 

(2) All matters pertaining to the coordina- 
tion of maintenance of the generating and 
transmission facilities of the parties. 

(3) All matters pertaining to the control of 
time, frequency, energy flow, kilovar ex- 
change, power factor, voltage, and other 
similar matters bearing upon the satis- 
factory synchronous operation of the sys- 
tems of the parties. 

(4) Such other matters not specifically pro- 
vided for in the agreements upon which 
cooperation, coordination and agreement 
as to quantity, time, method, terms and 
conditions are necessary in order that the 
operation of the systems of the parties 
may be coordinated to the end that the 
potential savings in operating costs will be 
realized to the fullest practical extent. 

General 

All decisions respecting expenditures for intercon- 
nection facilities are mutually agreed upon by the 
managements of the parties. 
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6. Practices in the Planning and Development of 
Facilities 


staggering of construction of generating facili- 
ties and will be implemented throughout the 


a. Coordinated load projections years. 


7. Operating Practices 


—s 


Each party develops individually its own 
load projections for the existing year and fu- 
ture years up to and including 20-year pro- 
jections for economic studies. The combined 
loads are utilized by the Planning Committee 
in all their engineering and economic studies. 


. Coordinated planning for reserves 


The reserve requirement for each party is 
developed individually by each party. How- 
ever, the year-by-year planned reserves of the 
entire group are reviewed by the Planning 
Committee to determine the adequacy or in- 
adequacy of reserve generating capacity and 
transmission facilities being provided. If it 
should be found that one party is placing a 
burden upon the other, the party causing such 
burden shall take such measures as are neces- 
sary to remove the burden from the other 
parties or the parties shall enter into such 
arrangements as shall provide for equitable 
compensation. 

Probability analyses of each party’s generat- 
ing units are conducted with further prob- 
ability studies meshing the entire group per- 
formed to determine on a probability basis the 
reserve required for a given planning criteria. 


c. Coordinated system stability studies 


Comprehensive system stability and load 
flow studies are conducted for all years begin- 
ning with the in-service date of the intercon- 
nections. They include studies for that year 
and studies for future years with the addition 
of new generating units and new interconnec- 
tions. These studies are run for selected con- 
tingencies and include disaster cases such as 
loss of an entire generating plant. 


. Joint or staggered participation in facilities 
development 


The interconnections are participated in 
jointly. The contracts have provision for 
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a. Exchanges of capacity and energy 


The agreements have provisions for firm 
purchases and sales of capacity and energy 
from specific units or from a system for a long- 
term purchase. The contracts also have pro- 
vision for capacity and energy transactions on 
a short-term basis, i.e., weekly. For emer- 
gency conditions all reserve in the entire pool 
is available to the party that is meeting the 
emergency. The contracts have provision for 
exchange of energy for maintenance coordi- 
nation and for exchange of energy on an eco- 
nomic basis with such costs being made on a 
split-the-savings basis. Provisions for seasonal 
diversity exchanges are also included. 


. Coordination of reserve including spinning 


reéesé€rvve 


As stated in Item 6 above, the planned re- 
serve for the Group is coordinated by the 
Planning Committee. At the time the inter- 
connections are in service there will be com- 
plete coordination of spinning reserve. 


. Coordination of Maintenance 


At the time the interconnections are in 
service the day-to-day maintenance is planned 
to be coordinated to assure maximum reli- 
ability of the systems. Maintenance coordina- 
tion is presently being utilized for planning 
purposes by the Planning Committee. 


. Economic dispatch including description of 


control facilities ; 

Michigan, which includes Consumers 
Power and Detroit Edison, will operate at the 
time these interconnections are in service 
from a Joint Dispatch Center which will be 
completely coordinated with the other parties’ 
dispatch centers. 


Section J—Coordinated Planning and Development, East 
Kentucky RECC and Kentucky Utilities Company 


1. Organization 


a. Reporting Organization 
East Kentucky Rural Electric Cooperative 
Corporation * 
Post Office Box 555 
Winchester, Kentucky 


b. Type 

RECC) 

Rural electric generation and transmission 
cooperative, operating in a pooling arrange- 
ment with Kentucky Utilities Company and 
having interconnection with T.V.A., Ken- 
tucky Power Company, and Union Light, 
Heat, and Power Company. 


of Organization (East Kentucky 


2. History 
RECC) 
Operation began in 1954 with the completion of 

a generating station at Ford, Kentucky. At this time 

East Kentucky had interconnection agreements 

with Kentucky Utilities Company, T.V.A., Union 

Light, Heat and Power Company. 

In 1964, a new power plant was completed at 
Burnside, Kentucky, along with an interconnection 
agreement with Kentucky Power Company. 

East Kentucky has 18 distribution cooperative 
members and has transmission facilities in 90 
counties in Kentucky. 


3. List of Members 
The members of the operating pool are East Ken- 
tucky and Kentucky Utilities Company. 


of Development (East Kentucky 


4. Requirements for Participation 
a. Pool Participation 


To have contractual agreements. 
5. Organizational Structure 


Two committees, administrative and operating, 
appointed by the respective managements make 


*The following is a list of participating member co- 
operatives: 

Big Sandy RECC 
Blue Grass RECC 
Clark RECC 
Cumberland Valley RECC 
Farmers RECC 
Fleming-Mason RECC 
Fox Creek RECC 
Grayson RECC 
Harrison County RECC 


Inter-County RECC 
Jackson County RECC 
Licking Valley RECC 
Nolin RECC 

Owen County RECC 
Salt River RECC 
Shelby RECC 

South Kentucky RECC 
Taylor County RECC 


recommendations to them concerning system coordi- 
nated construction and operation consistent with 
guidelines as set out in the interconnection 
agreement. 


a. Administrative Committee 

1, Recommends coordinated plans for gen- 
eration, transmission, communication, con- 
trol, etc. 

2. Establish operating 
procedures. 

3. Recommends reserve requirements of the 
pool. 

4. Review interconnections with other sys- 
tems. 

5. Establish policies and practices for the 
guidance of the operating Committee. 


and maintenance 


b. Operating Committee 
Establish operating and maintenance sched- 
ules, control and operating procedures and 
interchange accounting procedures. Make 
available to the Administrative Committee 
operating information, both with internal and 
with other systems. 


6. Planning and Development (Pool Operation 
Practices ) 


a. Coordinated Load Provisions 
The Administrative Committee determines 
estimated load growth and recommends to 
respective management, according to contract 
requirements, the estimated in-service date of 
additional generation, 


b. Coordinated Plan for Reserves 
The Administrative Committee agrees on 
estimated loads of combined system and 
recommends to management appropriate 
reserve requirements. 


c. Coordinated System Stability Studies 
A function of the Administrative Com- 
mittee. 


d. Joint Facilities Development 
Present contractual agreements have the 
following provisions: 
East Kentucky RECC to install, when 
necessary (presently planned for early 1969), 
a 200 megawatt generator in the Cooper Sta- 
tion. Kentucky Utilities Company to install 
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427 megawatts of capacity at the E. W. Brown 
generating station. The contract also provides 
for coordination of transmission and other 
facility installations. Contract expiration date 
to be January 31, 1974. 


7. Operating Practices 


a. Exchange of Capacity and Energy 


Contractual arrangements provide for the 
purchase and sale of the following types: 


Contract Power 


1. Power and energy to comply with the 
reserve capacity requirements of a 
participant. 

2. Power and energy necessary to supply a 
party’s anticipated peak system load when 
said load shall exceed the net capability of 
its generating equipment, plus other 
purchases. 


Economy Energy 


The purchase and sale of energy can be 
made on an economic basis. 


b. Coordination of Reserves 


Present reserves require East Kentucky to 
maintain 15% above its peak system load, 
Kentucky Utilities to maintain 10% above 
its peak system load. Spinning reserve is 
recommended by the interconnected group 
and agreed to by the Administrative Com- 
mittee. Each party’s share of spinning reserve 
is agreed upon by the Operating Committee. 


c. Coordination of Maintenance 


Generator maintenance is determined by 
the Administrative Committee. Transmission 
and other maintenance is scheduled through 


the Operating Committee and the system dis- 
patcher of Kentucky Utilities Company. All 
transmission system emergencies and planned 
switching orders are under the control of the 
Kentucky Utilities joint system dispatcher. 


d. Economic Dispatch 

East Kentucky generates on a pre-deter- 
mined schedule, equal to its hour-by-hour es- 
timated requirements dividing generation be- 
tween Dale Station and Cooper Station on 
the most economic schedule. Kentucky 
Utilities does not include East Kentucky gen- 
eration as part of its present economic dis- 
patch system. Area load control is maintained 
by Kentucky Utilities dispatcher on frequency 
bias for the pool operation. East Kentucky 
transactions, with external interconnections, 
are deemed to take place at the point of inter- 
connection with such other systems. Ken- 
tucky Utility maintains a swing generator. 


e. Emergency Stand-by 

East Kentucky and Kentucky Utilities have 
agreed contractually to supply to each other 
such power as it can without hazard to its 
property or operation. 

East Kentucky and Kentucky Power shall 
supply to each other, in event of an emer- 
gency, a maximum of 25,000 kw, provided it 
does not impose a hazard to its other loads. 
Such delivery shall only be made for a 48- 
hour period and energy and power returned 
“in kind”. East Kentucky and T.V.A. have 
the same basic relations as between East Ken- 
tucky and Kentucky Power Co. Maximum 
supply of 25,000 kw. 


Section K—Coordinated Planning and Development— 
Other Kentucky Utilities 


1. Louisville Gas and Electric Company 

The Louisville Gas and Electric Company is not 
at present participating in a formal coordinating 
group as designated in the Federal Power Commis- 
sion memorandum dated June 2, 1966. 

The Louisville Gas and Electric Company oper- 
ates as an individual company but maintains inter- 
connections with all neighboring utilities. Intercon- 
nection agreements are now and have long been in 
effect with Cincinnati Gas and Electric Company, 


Public Service Indiana, Kentucky Utilities Com- 
pany, Southern Indiana Gas and Electric Company, 
and Tennessee Valley Authority. All of the connec- 
tions operate closed and are for the purpose of buy- 
ing and selling capacity and interchanging economy 
and emergency power. Each of these agreements 
provides for operating committees who coordinate 
the operation and the exchange of information such 
as load forecasts, capacity data, maintenance sched- 
ules, and any other information which would be 
helpful in meeting our joint responsibilities. 
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The Louisville Gas and Electric Company is an 
active participant in the Ohio Valley Electric Com- 
pany, being represented on the Board of Directors 
and the Operating Committees. The Company’s 
electric transmission lines are directly tied with the 
OVEC system for the purchase and sale of energy. 
Transmission load flow studies are regularly made 
in cooperation with the other participants in the 
group. 

The Louisville Gas and Electric Company has 
been, since its inception, an active participant in the 
Interconnected Systems Group, NAPSIC, and the 
Indiana Area Committee for Coordination of 
Power Supply. 


2. Kentucky Utilities Company 


Kentucky Utilities Company does not constitute 
a “coordinating group” nor is it presently a mem- 
ber of such a group in the context in which this 
term is used in the Federal Power Commission 
memorandum dated June 2, 1966. However, Ken- 
tucky Utilities Company does operate under various 
contracts with other systems which provide coordi- 
nation of some activity. For example, an agreement 
between the company and East Kentucky RECG, 
dated August 7, 1963, as supplemented October 27, 
1964, the provisions of which are carried out 
through administration and operating committees, 
provides for exchange of load forecasts and sched- 
uling of certain generating equipment additions on 
the systems of the parties through 1974. This agree- 
ment also provides for limited coordination of trans- 
mission construction and operation by the parties. 

Kentucky Utilities Company has entered into an 
interconnection agreement with Louisville Gas and 
Electric Company, dated July 22, 1966, which pro- 
vides for the furnishing of mutual emergency serv- 
ice; the interchange, sale and purchase of economy 


energy, and the sale and purchase of short-term. 


energy. 

Kentucky Utilities Company has an interconnec- 
tion agreement with Ohio Power Company, dated 
January 17, 1950, and supplemented by an agree- 
ment dated May 20, 1966, which provides for the 
purchase and sale of short-term power. 

Kentucky Utilities Company has an interconnec- 
tion agreement with the Tennessee Valley Authority, 
dated March 22, 1951, and supplemented from time 
to time since that date. This agreement provides 
for the delivery of power to area loads of the respec- 


tive parties; the purchase and sale of economy en- 
ergy and reciprocal emergency transactions. 

Kentucky Utilities Company entered into a con- 
tract with the City of Owensboro, dated Septem- 
ber 23, 1960, which provided for KU to purchase 
the capacity and energy from the City’s Elmer Smith 
Generating Station in excess of that required by 
the City of Owensboro. KU provides the City of 
Owensboro with maintenance standby service for 
the Elmer Smith Generating Unit as well as emer- 
gency service. 

KU entered into an agreement with the Ohio Val- 
ley Electric Corporation, dated July 10, 1953, in 
which it was agreed that KU would purchase sur- 
plus capacity from the generating facilities of the 
Corporation in excess of that required by the Atomic 
Energy Commission in an amount equivalent to the 
ratio of its power participation ratio to the surplus 
capacity available. KU agreed to supply OVEC sup- 
plemental power to the extent that such power 
would be required to meet the demands of AEC in 
the event that the OVEC generating facilities were 
not capable at any given time of fulfilling the AEC 
requirements. 

Kentucky Utilities Company entered into a con- 
tract with Electric Energy, Inc., dated August 1, 
1953, in which it agreed to purchase the surplus 
capacity from the Joppa plant of EEI which is not 
required in supplying the contractual requirements 
of the Atomic Energy Commission. KU is committed 
to purchase 20% of the available surplus capacity 
from EEI. 

These two companies, Louisville Gas and Electric 
Company and Kentucky Utilities Company, with 23 
other utilities, are actively participating in the im- 
plementation of the East Central Area Reliability 
Coordination Agreement (ECAR), designed fur- 
ther to augment reliability in the supply of bulk elec- 
tric power in the multi-state region served by the 
ECAR members. ECAR and the companies are 
establishing principles and procedures with respect 
to the achievement of this goal, including, but not 
limited to, minimum installed capacity and spinning 
reserves to be provided by each company, the dis- 
tribution of spinning reserves, coordination of gen- 
eration and transmission maintenance, emergency 
measures, communication, protection, and the 
simulated testing of 


evaluation and systems 


performance. 
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APPENDIX VII-C 
THE OHIO VALLEY ELECTRIC CORPORATION (OVEC) 


The Ohio Valley Electric Corporation (OVEC), 
along with Indiana-Kentucky Electric Corporation 
(IKEC) its subsidiary, together demonstrate the 
high degree of coordination which has existed for 
some time among investor-owned utilities in a large 
part of the East-Central Region. This project in- 
volved fifteen electric utility companies of the 
region and was formed to supply energy to the Ports- 
mouth Area Project of the Atomic Energy Com- 
mission located north of Portsmouth, Ohio. 

This tremendous undertaking which has supplied 
some 17 billion kilowatt-hours per year and an initial 
contract demand of 1,800 kilowatts was created in 
1952 in response to an inquiry of the Atomic Energy 
Commission regarding interest by the power indus- 
try in constructing such a facility. For its time this 
was a tremendous challenge to the power industry 
requiring approximately $400,000,000 of new capi- 
tal and a construction schedule which was extremely 
tight. The investor-owned companies agreed to 
supply energy to the AEC prior to the completion 
of the generating facilities and, in fact, these com- 
panies did supply over 1,000,000 kilowatts in late 
1955. 

From its inception in January of 1952 and its 
incorporation in October of 1952, construction 


started in early 1955. Barely two years after ground- 
breaking, the first two of eleven generating units 
with a total capability of 2,350,000 kilowatts went 
“on the line.” The whole project including negotia- 
tion for about 71% million tons of coal a year, the 
design and construction of eleven generating units, 
and the design and construction and operation of a 
345 kV transmission system—the highest voltage 
ever used in this country at that time—exemplified 
the coordination and cooperation that is possible in 
this region. OVEC has supplied in one year as much 
as 2,100,000 kilowatts of demand. Energy has been 
delivered since 1956 at a cost to the AEC which has 
averaged below 0.4¢ per kilowatt-hour. OVEC has 
also contributed taxes and as such makes its con- 
tiribution to the Nation’s economy. 4 

In recent years production at the AEC diffusion 
plant has been temporarily cut back, thus reducing 
its requirements for power. The sponsoring com- 
panies have purchased all of the power.over and 
above AEC requirements and have provided trans- 
mission for the delivery of this energy to the inter- 
connected sponsoring companies. As the AEC load 
again increases, it is expected that this cooperative 
endeavor will provide for the future requirements 
of the AEC in an economic and reliable manner. 
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APPENDIX VII-D 


Yankee-Dixie Power, Inc., Membership Within the East Central Region 


INDIANA 
ie Decatur County Rural Electric Membership Corporation... ..: 2... +: s=.-- Greensburg. 
2. Shelby County Rural Electric Membership Corporation................... Shelbyville. 
Sepouchern indiana Rural Electric Cooperatives [ne ngs fa. os ce wc ee ets Tell City. 
4. Southeastern Indiana Rural Electric Membership Corporation............ Osgood. 
PMO oissiura -PLeCtliC COOPCratlyes LNG ic nn ct, Cuter e chat ge dale Ps ben oa, Jasper. 
6. Kosciusko County Rural Electric Membership Corporation................ Warsaw. 
7. Boone County Rural Electric Membership Corporation................... Lebanon. 
8. Marshall County Rural Electric Membership Corporation................. Plymouth. 
9. Miami-Cass County Rural Electric Membership Corporation.............. Peru. 
10. Rush County Rural Electric Membership Corporation.................... Rushville. 
11. Kankakee Valley Rural Electric Membership Corporation................. Wanatah. 
12. LaGrange County Rural Electric Membership Corporation................ LaGrange. 
13. Harrison County Rural Electric Membership Corporation................. Corydon. 
14, Jasper County Rural Electric Membership Corporation. .................. Rensselaer. 
15. Morgan County Rural Electric Membership Corporation.................. Martinsville. 
iSeeyyanasis\ alley Power Association .o/y... Ree Pe yo hs cle oe eee te See oe Peru. 
17. White County Rural Electric Membership Corporation................... Monticello. 
18. Fulton County Rural Electric Membership Corporation................... Rochester. 
19. Jay County Rural Electric Membership Corporation...................... Portland. 
20. Stuben County Rural Electric Membership Corporation................... Angola. 
21. Carroll County Rural Electric Membership Corporation.................. Delphi. 
22 .apmontiKural Electric Membership Corporation=).7 Maas sscl.. 200s. ere Linden. 
23. Hendricks County Rural Electric Membership Corporation................ Danville. 
Zomnticdenural Electric ’Membership Corporation.s..4.49+2 ga 6-30 --aelsd.0 Huntington. 
25. Bartholomew County Rural Electric Membership Corporation............. Columbus. 
26. Daviess-Martin Rural Electric Membership Corporation.................. Washington. 
27. Whitley County Rural Electric Membership Corporation.................. Columbia City. 
28. Noble County Rural Electric Membership Corporation................... Albian. 
29. Hancock County Rural Electric Membership Corporation................. Greenfield. 
30. Orange County Rural Electric Membership Corporation.................. Orleans. 
pi pullivan Rural Electric Membership'Corporation. 22.72 .-.7-....0<.0.5.- 8 Sullivan. 
po mUcawiordavilestilectriceLAght 6c POWerwni to oc ae A eee Crawfordsville. 
| 33. Clark County Rural Electric Membership Corporation.................... Sellersburg. 
PSeel he Hoosiermbtnergy:Divisionvsss/ 42 oaks lates tat hen hO Pode eects ee.) Bloomington. 
| KENTUCKY 
1. Cumberland Valley Rural Electric Cooperative Corporation............. Gray. 
2. East Kentucky Rural Electric Cooperative Corporation................... Winchester. 
3. Fleming-Mason Rural Electric Cooperative Corporation................... Flemingsburg. 
pobowCrcek Rural Electric, Cooperative. Corporation, aag.7 -2 a. hens a yas Oss Lawrenceburg. 
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KENTUCKY—Continued 


. Grayson Rural Electric Cooperative Corporation......................04. 
. Harrison County Rural Electric Cooperative Corporation................. 
. Inter-County Rural Electric Cooperative Corporation..................... 
,. Nolin: Rural’ Electric Cooperative Corporationye ec.) eee ee ee 
. Shelby Rural Electric CooperativesGCorporation. 29 a0 4.08 ae 
. South Kentucky Rural Electric Cooperative Corporation.................. 
» Municipal Light 6: Power Systemy City of Parisyy eee a... wi. ie ee 
.-Vanceburg Electric Light; Heat és PowersSysteme 90 te te ce 
, Farmers Rural, Electric; Cooperative Corporation ae... ..2407 ae eee 
. Clark Rural Electric’ Cooperative, Corporation sa ccm i em ee ee een 
. Jackson Purchase Rural Electric Cooperative Corporation................. 
. Jackson County Rural Electric Cooperative Corporation.................. 
Big: Riyers Rural Electric Cooperatiye-Corporationn ator a a 


. Owen County Rural Electric Cooperative Corporation.................... 
» Warren Rural Blectric. Gooperative Gorporation ee. oto 
. Taylor County Rural Electric Cooperative Corporation. .................. 
Berea College BlectrienU tilitynce 3 oc eres ote ad ee eens eee 
Blue’ Grass ‘Rural Electric’ Cooperative Corporation. aac. eae 
“salt River Rural Electric’ Cooperative |Corporauonn nc 6.) ge eee 
. Big Sandy Rural Electric:Cooperative Corporation, 7.02. se 
> Glasgow Electric’ Plant Boards... nce 4 oe ee en eet ee 
. Licking Valley Rural Electric Cooperative Corporation........:.......... 
w Electric ’& Water Plant Boardiete 3-0. ta eee fer ge een ee ieee 
vwentuckyoMaunicipal Hlectric, POWer a. orci ane eee ee 
OHIO 
#Division of Electricity. Gity of Golumbussaaey i seme eee ee 
« Deshler Municipal, Utilitiessece 5 ee ei ae A eee eae 
/ ‘Lorain-Medina Rural: Electric ‘Cooperatives. aaa et ee 
» Orrvillés/Municipal, Utilities: 742% sacri Oe ae 
«City of Bowling Green,’ Ohio} Municipal, Utilities; eee ee 
“Municipal Light: & Water Works, bere ste. ee eee 
«jraimesville: Electric Powers. iq soe 5e):.6 26 « ee ft ee. Ca 
«; Gelina- Municipal Utilities 35 i) tect eke eee 


Adamis:Blectric. Cooperative, Linc... a pee eee 
. Central Electric. Cooperatives Inesace cre eee oe ee ee ere 


Northwestern Rural Electric Cooperative Association, Inc............... 


- PiteairnsMunicipal) Light, Plant -20(2,0 } ge cee eee eee en 
. somerset Rural Electric Cooperative: [nc acacia ene es 
- Borough of Ephrata. |. 2s cctavere ar, cere ent ee ee ne 
. Valley Rural Blectric:‘Cooperative, Incins.4 4: ot ee eee 
. Claverack:Electric Gooperatives Inca aaa e eee ee 
. Sullivan County Rural Electric Cooperative, Inc....................e000: 
. Allegheny; Electric’ Goaperative, Incya 56 ee ee 
« United Electric’ Cooperative, Inc's eaves. ee ane ee 
. Borough of Chambetsburg i. sasesten se ee eee 
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Grayson. 
Cynthiana. 
Danville. 
Elizabethtown. 
Shelbyville. 
Somerset. 
Paris. 
Vanceburg. 
Glasgow. 
Winchester. 
Paducah. 
McKee. 
Henderson. 
Owenton. 
Bowling Green. 
Campbellsville. 
Berea. 
Nicholasville. 
Bardstown. 
Paintsville. 
Glasgow. 

West Liberty. 
Frankfort. 
Owensboro. 


Columbus. 
Deshler. 
Wellington. 
Orrville. 
Bowling Green. 
Bryan. 
Painesville. 
Celina. 


Gettysburg. 
Parker. 
Cambridge Springs. 
Pitcairn. 
Somerset. 
Ephrata. 
Huntington. 
Towanda. 
Forksville. 
Harrisburg. 
Brookville. 
Chambersburg. 


OE  ——————— 


OONDOP WN 


VIRGINIA 


erAccomack= Northampton Miectric Cooperative... sac sec son 5h 6s dete ease. Parksley. 

MmelyolWanville wy ater, Gas o Electric, Departments. 2 40.2). n2 ode nee fons 6 Danville. 

BLOW DION TOUT NOV al apemr eines Scien eh =< Eoin sb anata he say aden, sy oarele dhe = Front Royal. 

mNOCtherneLicdimont riectric, GOOperauvewyce ceases ae oe sae oe od See sn ar Culpepper. 

MoSOuUtisine tiectric: Cooperative, «1. Sawn nt: NE nk. toe os Sele BA os Crewe. 

meohenandoamy alley mlectric Cooperatives: 8 craw a) uMbe slew ulna e eee es Dayton. 

mivieckionpurvenicctric: Gooperatives (nce fe Fki.0-ea. Wee Cakes aoe ls ea Chase City. 

meeniralsy iroinia blectric Gooperatlver aan. class ate pik <dimd owe dyes wen eH Lovingston. 

MD arin Lleciiic: COQPELAtLVG tesa, gic ie: Pec he or arp SNe aes onan a Millboro. 

@ Northern Neck: Electric. Cooperative... A203 54-04 ras eet ees deen fle ee cn Warsaw. 

MOI VEEUeCLT1C! OOPELALLVE.. act Gita cake te Sept ek Sete 3s lle on ates Windsor. 

ny oimiarielectric Cooperatives sama ciate occ. eet ee ae ok 6 og na hie gees Bowling Green. 

Mme wamoisls | ktOn mi NCry ah hee See tea eae oe eee oh oe bas ob vers She Elkton. 

1, “Teh oviy ve MEWS eal ih Oe tence gt ens oe aa en.“ ae a Salem. 

MmOldeMoriimon MectriG. COOpeLative gure mary cta queens ha es ois ule eno aces Chase City. 

Rpt at ison Duroc PieCtl(C. COlmiIss1ON 24s mate sie te eee he ee kee site bie Harrisonburg. 
WEST VIRGINIA 

me Harrison ural, blectrification Association, Inc... \quameniee. © 5 fee Sates aya te ane Clarksburg. 

Mereston PUDUG Ser Vic, GOLPOraluiOL «sm est ees ars Smee AP oe en dee She al ais Masontown. 
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APPENDIX VIII-B 


ECAR DOCUMENT No. 


1 “—RELIABILITY CRITERIA FOR EVALUATION AND 


SIMULATED TESTING OF THE ECAR BULK POWER SUPPLY SYSTEMS 


The East Central Area Reliability Coordination 
Agreement provides for the establishment of prin- 
ciples and procedures regarding matters affecting 
the reliability of bulk power supply within ECAR. 
It recognizes that the evaluation and simulated 
testing of systems’ performance are essential ele- 
ments in assuring reliability. In accordance with the 
provisions of the Agreement, the ECAR members 
have formulated a set of reliability criteria to be 
used as the basis for such evaluation and simulated 
testing. 

This document presents the reliability criteria 
adopted by ECAR for the above purposes. It repre- 
sents the combined judgment of the ECAR mem- 
bers and includes, in addition to a listing of 
reliability criteria, a brief description of the under- 
lying principles that served as the basis for their 
development. 


Basis for the Selection of Reliability Criteria 


In the process of formulating the reliability 
criteria presented in this document, the ECAR 
members recognized : 


1. The need to plan, build, and operate bulk 
power supply systems that would be immune 
to uncontrolled, widespread, cascading 
power interruptions even under the most 
adverse credible conditions and the fact that 
it is technically feasible to achieve this 
objective. 

2. The importance of providing a high degree 
of reliability for local power supply but the 
impossibility of providing 100% reliability 
to every customer or every local area. 

3. The importance of considering local condi- 
tions and requirements in setting up criteria 
for the reliability of local power supply and 
the need, therefore, to view reliability in 


1 October 1967. 


local areas as the responsibility of the in- 
dividual ECAR members. 


In addition to the above, the ECAR members 
recognized the impossibility of anticipating, and 
testing for, all possible contingencies that could 
occur on either the present or future interconnected 
bulk power supply network of the ECAR systems. 
ECAR believes, therefore, that the reliability criteria 
should serve primarily as a means to measure the 
strength of the systems to withstand the entire spec- 
trum of contingencies that can and that cannot be 
readily visualized, rather than comprise a detailed 
listing of probable disturbances. In view of this, the 
selection of reliability criteria is based not on 
whether the specific contingency for which the sys- 
tem is being tested is in itself probable or even 
possible, but rather on whether it constitutes an 
effective and practical means to stress the systems 
and thus to test their ability to avoid uncontrolled, 
area-wide power interruptions even under the most 
adverse credible conditions, 

The ECAR members believe that the most effec- 
tive safeguard against a possible occurrence of un- 
controlled, area-wide power interruptions on a large 
bulk power supply system is strict adherence to the 
basic principles of bulk power supply planning, with 
full recognition of anticipated operating require- 
ments when designing the system, combined with 
sound subsequent operation within the design capa- 
bilities. A listing of these basic principles is as 
follows: 

1. Maintenance of a balanced relationship 
among power system elements, in terms of 
size of load, size of generating units and 
plants, strength of interconnections, and the 
amount of power being carried on any single 
transmission channel. 

The adherence to this principle implies: 

(a) avoiding excessive concentrations of 

generating capacity in one unit, at one 
location, or in one area; 
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(b) avoiding excessive concentrations of 
power being carried on any single 
transmission circuit, tower line, or right- 
of-way, as well as through any one 
transmission station; and 

(c) provision of interconnection capability 
that is commensurate with the size of 
the system load and with the size of 
generating units and plants. 

9. Provision of transmission capability within 
the bulk power supply network well in excess 
of that required for normal transportation 
of power from generating sources to load 
centers, so as to maintain a high degree of 
flexibility in operation and in meeting a 
wide range of contingencies. 

3. Utilization of switching arrangements that 
would permit effective maintenance of 
equipment without excessive risk to the 
interconnected network of ECAR systems. 

4. Utilization of adequate switching arrange- 
ments and associated relay schemes that do 
not involve unduly complicated controls and 
that do not limit the capability of a trans- 
mission channel to the extent of causing 
excessive risk to the interconnected network 
of ECAR systems. 

5. Operation of the interconnected systems of 
ECAR members so that power interchanges 
within ECAR and with systems outside 
ECAR remain within the systems’ design 
capabilities. 


Reliability Criteria for Simulated Testing 


The simulated testing is to be directed toward 
assuring that the ECAR bulk power supply network, 
or any major part thereof, will not suffer a cascad- 
ing area-wide break-up and collapse under contin- 
gencies such as those enumerated below. 


1. Sudden outage of any transmission circuit 
at a time when a combination of any three 
generating units is out of service. 

2. Sudden outage of any double-circuit trans- 
mission tower line at a time when a combi- 


nation of any two generating units is out of 
service. 

3. Sudden outage of any generating unit at a 
time when any two other generating units 
are out of service. 

4. Sudden outage of all generating capacity 
at any generating plant. 

5. Sudden dropping of a large load or a major 
load center. 

6. Sudden outage of all transmission lines on 
the same right-of-way. 

7. Sudden outage of any transmission station, 
including all generating capacity associated 
with such a station. 

8. Sudden outage of any tower line at the time 
when any other one circuit is out of service. 


In carrying out simulated testing in accordance 
with the above criteria, careful attention is to be 
given to the following: 


1. Steady-state, dynamic and transient stabil- 
ity considerations, including three-phase 
faults at the most critical locations. 

2. The effect of slow fault clearing as a con- 
sequence of improper relay operation or 
failure of a circuit breaker to open. 

3. Possible occurrence of the above contingen- 
cies not only on the interconnected ECAR 
network, but also on the network of the 
power systems connected to ECAR. 

4. The entire range of operating modes for the 
interconnected system being tested, includ- 
ing the anticipated range of scheduled 
power deliveries or receipts. 


The simulated testing is to take into account the 
projected conditions on the systems adjacent to 
ECAR, making the greatest possible use of data 
and study results obtained from inter-regional stud- 
ies with non-ECAR systems. 

The criteria for evaluation and simulated testing 
of the ECAR bulk power supply system have been 
prepared to meet present and anticipated future 
conditions as they are visualized today. Since con- 
ditions may change with time, the criteria will be 
periodically reviewed to assure their continued 
applicability. 
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APPENDIX VIII-C 
ECAR DOCUMENT NO. 2 ‘“—DAILY OPERATING RESERVE 


The East Central Area Reliability Coordination 
Agreement provides for the establishment of prin- 
ciples and procedures regarding matters affecting 
the reliability of bulk power supply within ECAR. 
It recognizes the need to establish a minimum level 
of daily operating reserve to be provided by each 
system and to determine the distribution of that 
reserve among generating facilities. Daily operating 
reserve includes spinning reserve, quick-start reserve 
and interruptible load. Definitions for these and 
other terms used in this document appear in the 
glossary attached hereto. 

This document presents the daily operating re- 
serve criteria adopted by ECAR members. It shall 
be reviewed annually and shall be resubmitted each 
year to the Executive Board for readoption as in the 
initial instance whether or not changes are to be 
recommended. 


Basis for the Selection of Daily Operating 
Reserve Requirements 


Generating capability in excess of anticipated sys- 
tem load demand is required to assure a high degree 
of service continuity. This reserve margin is neces- 
sary because it is not possible to predict precisely 
system load demands and because generating equip- 
ment is subject to unscheduled shutdowns. 

The factors considered in establishing the magni- 
tude of daily operating reserve included unexpected 
loss of generation, regulation requirements and load 
forecast error. The nature and characteristics of the 
various types of generation and interruptible loads 
which comprise the total operating reserve have 
been considered in the formulation of these criteria. 

The responsibility of a system or group of systems 
which experiences a sudden loss of generation is to 
restore the interconnected network to normal fre- 
quency and scheduled tie line flows as soon as pos- 
sible. This places the entire network in the most 


* October 31, 1968. 


favorable position to withstand additional unit 
outages. For the purpose of this document, it was 
concluded that the ECAR systems, individually or 
collectively, should be able to restore conditions to 
normal within ten minutes for any realistic 
contingency. 


Daily Operating Reserve Requirements 


Each ECAR member shall have a minimum total 
daily operating reserve equal to the summation of 
the amounts set forth in Items 1, 2 and 3 below and 
determined as follows: 

1. An amount equal to 3 percent of the maxi- 
mum 60-minute integrated clock hour in- 
ternal load predicted for the day to provide 
for load regulation and for system frequency 
regulation. This shall be spinning reserve. 

2. An amount equal to 1 percent of the maxi- 
mum 60-minute integrated clock hour in- 
ternal load predicted for the day for load 
forecast error. This amount may be sup- 
plied from spinning reserve, interruptible 
load or quick-start reserve. If provided by 
interruptible load or quick-start reserve, it 
must be fully applicable within 20 minutes 
and it must be utilized as soon as it becomes 
apparent that it will be needed to meet the 
load. 

3. An amount equal to a specified percentage 
of the maximum 60-minute integrated clock 
hour internal load predicted for the current 
calendar year shall be provided for an un- 
expected loss of generation. The percentage 
to be used for each system shall be the 
weighted average forced outage expectancy 
for that system. This portion of the operat- 
ing reserve may be allocated among the 
acceptable components in any desired com- 
bination which is within the following pre- 
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scribed limits: (a) 0-100 percent spinning 
reserve; (b) 0-100 percent interruptible 
load or quick-start reserve which is fully 
applicable within one minute; and (c) 0-50 
percent interruptible load or quick-start re- 
serve which is fully applicable within ten 
minutes. These components of the operating 
reserve must be utilized to the extent neces- 
sary to offset any loss of generation which 
may occur within ECAR. 

4, The spinning reserve of Item 1 and the spin- 
ning reserve portion, if any, of Item 3 shall 
be allocated among generating units so as 
to provide a rate of response which will as- 
sure that it can be fully utilized in ten min- 
utes or less. 

5. In the event of any contingency which re- 
duces the operating reserve level for a sys- 
tem below the minimum value set by these 
criteria, it shall be the obligation of the defi- 
cient system to restore its operating reserve 
to the stated minimum level as soon as prac- 
ticable by action within its own system or by 
scheduled receipts from other systems. If 
excess daily operating reserves are unavail- 
able to meet the foregoing, the available 
operating reserves within ECAR shall be re- 
distributed by scheduled receipts and deliv- 
eries to the extent necessary to meet the 
existing situation. 

The Operation Advisory Panel shall evalute an- 
nually the effectiveness of the daily operating reserve 
program based on a critical analysis of the actual 
performance of each system in ECAR. In addition, 
the panel shall proceed with a detailed study of the 
development and application of advanced analytical 
methods for the determination of operating re- 
serves. The panel shall make recommendations for 
changes in the above program if deemed desirable. 


Determination of Daily Operating Reserve 


The generating capability rating to be used for 
units which are scheduled for operation to meet 
system load and operating reserve requirements 
will be as designated by each member except that 
the determination of capability shall be in accord- 
ance with a uniform method for determining capa- 
bility of generating units as may hereafter be 
recommended by the Coordination Review Com- 
mittee and approved by the Executive Board. A 


listing of seasonal capability ratings for each gen- 
erating unit will be compiled and distributed to 
each member system from the ECAR Executive 
Manager’s office. 

That portion of its daily operating reserve re- 
quirements which is specified by Items 1 and 2 
will be determined each ‘day by the individual sys- 
tem’s operators. The loss of generation obligation 
which is specified by Item 3 is a constant amount 
for each day of the period and the amount of 
reserve to be provided by each system will be com- 
puted in advance. A listing of system obligations 
will be distributed to members of the Coordination 
Review Committee by the ECAR Executive Man- 
ager’s office each May and October. 

Each system’s loss of generation obligation will 
be derived using its weighted average forced outage 
expectancy. This average forced outage expectancy 
will be calculated using the capability rating of 
and the forced outage rate for each specific unit. 
The capability ratings will be selected from the 
listing of seasonal capability ratings mentioned 
above and the forced outage rates will be derived 
using methods recommended by the Coordination 
Review Committee and approved by the Execu- 
tive Board. Listings of such information will be 
maintained, as periodically updated, at the ECAR 
Executive Manager’s office and copies will be sup- 
plied to the members of the Coordination Review 
Committee. 

Each system shall be responsible for supplying 
the information necessary for determining the ac- 
ceptability of quick-start reserve and interruptible 
loads as components of operating reserve. The 
qualifications for acceptance will be as recom- 
mended by the Coordination Review Committee 
and approved by the Executive Board. A list of 
all qualifying components will be compiled and 
distributed to the members of the Coordination 
Review Committee by the ECAR Executive Man- 
ager’s office. 

The total operating reserve requirement shall be 
determined daily by the individual system’s op- 
erators in accordance with the procedure specified 
herein. This requirement may then be allocated 
among the acceptable components of operating re- 
serve. The attachment entitled “Sample Calcula- 
tion of Minimum Operating Reserve” illustrates 
the application of the daily operating reserve 
criteria. 
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Sample Calculation of Minimum Operating 
Reserve 


Assume five systems, each with a 5,000-MW 
peak internal load on the day of annual peak. 


Further assume that each is predicting that this 
is the day of its annual peak. The systems have 
different mixes of generating units and varying 
amounts of quick start generation (10 minute rat- 
ing) and interruptible loads (1 minute rating). 
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System Operating Reserve Requirements 
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GLOSSARY 


Daily Operating Reserve is that amount of gen- 
erating capability and/or equivalent generation in 
excess of forecasted daily peak load which is avail- 
able to provide for load variation and forecast 
error, frequency regulation, area protection and 
contingencies such as loss of generating capability. 
It consists of the following components: 

A. Spinning Reserve, which is that generat- 
ing capability in excess of load connected to 
the system and ready to take load immedi- 
ately, and which is capable of being fully 
applied within 10 minutes. 
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B. Quick-Start Reserve, which is non- 


spinning generation that can be synchronized 
to the system and its capability fully applied 
within 20 minutes. It may include: 

1. Diesel Generators. 

2. Combustion Turbines. 

3. Hydroelectric Generators. 

C. Interruptible Load, which is customer 
load contractually subject to interruptions and 
pumped storage or hydroelectric generation in 
a pumping mode. 

Internal Load is the summation of generator net 
output plus net interconnection receipts, minus net 
interconnection deliveries. 
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APPENDIX VIII-D 


ECAR DOCUMENT NO. 3 ‘—EMERGENCY PROCEDURES DURING DECLINING 
SYSTEM FREQUENCY 


The East Central Area Reliability Coordination 
Agreement provides for the establishment of prin- 
ciples and procedures regarding matters affecting 
the reliability of bulk power supply within ECAR. 
Consistent with this objective, studies have been 
made of system performance under conditions of 
declining system frequency to determine the need 
for and the extent of a coordinated program of 
emergency procedures. This document presents the 
program adopted by ECAR members as a result of 
these studies. 


Basis for the Selection of an Emergency 
Procedures Program 


The promulgated goal of ECAR members is to 
design and build an interconnected network within 
the ECAR area which would not be subject to wide- 
spread system outages as a consequence of a major 
disturbance and to develop guidelines for its safe 
and reliable operation. Precautionary procedures, 
regardless of this stated goal, are required to meet 
emergency conditions such as system separation and 
operation at sub-normal frequency. In addition, 
coordination of emergency procedures, including 
the load shedding practices of ECAR companies, 
both with respect to each other and with respect 
to neighboring companies outside ECAR is 
essential. 

The basic principles of load shedding are, in the 


event of a sudden serious emergency, to: 


(1) restore the balance between load and 
generation in the affected area in the 
shortest possible time and permit the sub- 
sequent return to 60 Hz operation, so as 
to minimize adverse effects on customer 
service, and 

(2) minimize the risk of damage to company 
and customer facilities and equipment. 


* October 31, 1968. 


The ability to reduce firm customer load in an 
extreme emergency will not be used as a substitute 
for system facilities in planning or in normal system 
operation. It is instead a measure to be taken only 
after the system has suffered an unpredictable 
catastrophe which may otherwise lead to widespread 
system outages. 


Program for Emergency Procedures During 
Declining System Frequency 


From 60.0-59.8 Hz, utilize to the extent prac- 
ticable all operating and emergency reserves. The 
manner of utilization of these reserves will depend 
greatly on the behavior of the system during the 
emergency. For rapid frequency decline only that 
capacity, on line and automatically responsive to 
frequency (spinning reserve), and such items as 
interconnection assistance, and load reductions by 
automatic means are of assistance in arresting the 
decline in frequency. 

Below 59.8 Hz if the frequency decline is gradual, 
the system operators, particularly in the deficient 
area should invoke non-automatic procedures in- 
volving operating and emergency reserves. These 
efforts should continue until the frequency decline 
is arrested (or until automatic load shedding devices 
operate at subnormal frequencies) . 


The steps of the program are as follows: 

Step 1: At 59.3 Hz shed not less than 10 percent of 
system load with automatic load shedding relays. No 
intentional time delay should be used beyond that 
absolutely required to avoid improper relay operation. 

Step 2: At 58.9 Hz shed additional load in an amount 
not less than 15 percent of system load existing prior 
to Step 1 with automatic load shedding relays. No 
intentional time delay should be used beyond that 
absolutely required to avoid improper relay operation.. 

Step 3: At 58.5 Hz, if frequency is declining, take any 
action necessary to arrest frequency decline. This may 
include additional load shedding, manual or automatic, 
and coordinated network separations. This action shall 
be completed before frequency declines to less than 
58.2 Hz. 
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Step 4: Below 58.2 Hz, isolate generating units in accord- 
ance with Appendix I of this document. In the event it 
becomes necessary for a system to isolate a generating 
unit at a frequency higher than 58.2 Hz, or a time period 
shorter than stipulated in the schedule of Appendix I, 
such system shall also simultaneously disconnect an 
amount of load equal to that particular generating 
unit’s output. This amount shall be an additional 
amount over any load previously shed. Automatic isola- 
tion of generating units, if employed, should provide 
two or three seconds time delay to permit temporary 
frequency excursions below the isolation frequency. 

Step 5: If at any time in the above procedure, the 
decline in area frequency is arrested below 59.0 Hz, the 
systems in the low-frequency area shall shed an addi- 
tional 10 percent of their initial loads. Furthermore, 
each system in the low frequency area shall maintain 
or increase its generating output to a value correspond- 
ing to the full open control valve position until frequency 
is restored to synchronizing range of the main network. 

Step 6: If after 5 minutes the action taken in Step 5 above 
has not returned area frequency to 59.0 Hz or above, 
the systems in the low frequency area shall shed an 
additional 10 percent of their remaining load, repeating 
on 5-minute intervals until 59.0 Hz is reached. This 
step must be completed within the time limits outlined 
in Appendix I of this Document, “Isolation of Power 
Plants.” 

Step 7: When area frequency has been established at 
59.0 Hz or above the system or systems in the low 
frequency area shall take any action necessary to permit 
re-synchronization of the isolated area to the main 
network. 

Step 8: After frequency has returned to synchronizing 
range the isolated area shall be synchronized with the 
interconnected systems. 

Step 9: Load restorations shall be directed by system 
operators; normal network operation shall be resumed 
under the direction of the system operators. 


The inter-relationship of the Emergency Proce- 
dures Program with the Daily Operating Reserve 
Requirements which are established in ECAR 
Document No. 2 is recognized. Operating reserve, 
as used herein and in ECAR Document No. 2, in- 
cludes spinning reserve, quick-start reserve, and in- 
terruptible loads. Emergency reserve as used herein 
includes emergency capacity ratings of generation, 
emergency power obtainable from interconnected 
systems, load reduction by system voltage adjust- 
ment, and load reduction by curtailment of utility 
company use or special customer uses. As stated, 
ECAR members will utilize these reserves to the 
best of their ability. Interruptible loads which are 
utilized as part of the operating reserve cannot be 
counted as part of the load shedding obligation. 
These interruptible loads should be disconnected 
from the system by automatic devices to assure their 
removal prior to Step 1 of the recommendations. 


In recognition of the dynamic character of the 
ECAR area and its neighboring systems, the appli- 
cation of all emergency measures during declining 
system frequency within ECAR should be reviewed 
on a regular basis and updated as required to meet 
changing system conditions. 


Appendix | 
Isolation of Power Plants 


It is recognized that serious damage to turbines 
can be inflicted by loaded operation at subnormal 
speed. Although it is desirable to maintain service 
continuity, it also would be most imprudent to allow 
equipment to suffer major, damage which would 
impede the restoration of service after a major 
disturbance. 

To preclude the possibility of damage to equip- 
ment and still maintain reliable operation of gen- 
erating plants, coordination of emergency proce- 
dures during low frequency operation is essential. 


Program for Isolation of Generating Units Dur- 
ing Low System Frequency 


Plant operators shall isolate generating units from 
the system when all of the procedures performed by 
the system operators as stipulated in ECAR Docu- 
ment No. 3—“Emergency Procedures During De- 
clining System Frequency” have been unsuccessful 
in returning system frequency to 59 Hz or above. 

Isolation of the units will be done on the follow- 
ing schedule. The time periods and frequencies al- 
lowed are designed to assure that all possible 
opportunity is given for the system to recover and 
yet protect the generating units from damage. Ad- 
justments of the times and frequencies stated may be 
necessary for specific units due to the accumulative 
effect of blade fatigue over the life of the turbine 
or to conform with manufacturers limitations. 


(HOC! WO SOO is bre 
Belowso9: 0-H 7222. 


Unlimited. 

30 minutes minimum time be- 
fore unit isolation. 

7 minutes minimum time be- 
fore unit isolation.* 

Unit isolation without time 
delay. 


Belowao GunZ eee 
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* This 7 minutes is part of the total time of 30 minutes 
allowed below 59 Hz. 

Every effort should be made by the operator to 
maintain unit auxiliaries and, if possible, a local 
load. This is to allow rapid re-synchronizing of the 
unit to the main network to aid in restoration of the 
system. 


II-2-123 


356-239 O - 71 - 19 


APPENDIX VIII-E 


ECAR DOCUMENT NO. 4 '—METHOD FOR THE UNIFORM RATING OF 
GENERATING EQUIPMENT 


The East Central Area Reliability Coordination 
Agreement provides for the establishment of prin- 
ciples and procedures regarding matters affecting 
the reliability of bulk power supply within ECAR. 
This document presents the criteria to be used for 
uniform rating of generating equipment on the 
systems of ECAR members. 

Definitions used in this document appear in the 
glossary attached hereto. 

This document shall be reviewed annually and 
shall be resubmitted each year to the Executive 
Board for readoption as in the initial instance 
whether or not changes are to be recommended. 


Basis for the Selection of a Method for 
Uniform Rating of Generating Equipment 


Generating capability to meet the system load and 
provide the required amount of reserves is necessary 
to assure the maximum degree of service reliability. 
This generating capability must be accounted for 
in a uniform manner which assures the use of realis- 
tically attainable values when planning and 
operating the system or scheduling equipment 
maintenance. 

To meet these requirements, guides are herein 
established for determining the rating of the indi- 
vidual generating units. These guides define the 
framework under which the ratings are to be estab- 
lished while recognizing the necessity of exercising 
judgment in their determination. The tests required 
are functional and do not require special instru- 
mentation or procedures. They are designed to 
demonstrate that the ratings can be obtained for 
the time periods required under normal operating 
conditions for the equipment being tested. 

It is intended that the terms defined and the 
ratings established pursuant to this document shall 


* July 1, 1969. 


be used by all members for the following ECAR 
purposes: 


1. Determining reserves. 

2. Scheduling operating capability. 

3. Maintenance scheduling. 

4. Reports authorized for release by ECAR to 
regulatory agencies, news media, and indus- 
try organizations. 


Method for the Uniform Rating of 
Generating Equipment 


Net Demonstrated Capability will be the basic 
rating of generating equipment. Adjustments will 
be made in this rating to establish Net Seasonal 
Capability. 

A. Determining Net Demonstrated Capability— 
The following guides shall be applied in determin- 
ing the value of Net Demonstrated Capability. 
Guides 1-5 are general in nature, 6-8 are concerned 
with specific types of generating units, and 9 out- 
lines the test procedures. 

1. The Net Demonstrated Capability will be 
determined separately for each generating unit in 
a power plant where the input to the prime mover 
of the unit is independent of the others. The Net 
Demonstrated Capability will be determined as a 
group for common-header steam plants or multiple- 
unit hydro plants and each unit assigned a rating by 
apportioning the combined capability among the 
units. Each turbine-generator and each boiler in 
a common-header plant will also be assigned a rat- 
ing which reflects its individual capability. It is 
intended that frequent changes in Net Demon- 
strated Capability be avoided. The reported capa- 
bility is therefore a figure which should not be 
altered until the accumulated evidence of tests and 
analyses of operating experience (especially re- 
ported condition deratings) indicate that a long- 
term change has taken place. 
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2. This capability will be determined with no 
allowances made for participation in system load 
variation or distribution of spinning reserve. 

3. This capability will reflect operation at the 
power factor level at which the generating equip- 
ment is normally expected to be operated over the 
daily peak load period. 

4. This capability will exclude the temporary 
higher output attainable immediately after a new 
unit goes into service or immediately after an 
overhaul. 

5. Extended capability of a unit or plant obtained 
through bypassing of feedwater heaters, by utilizing 
other-than-normal steam conditions, or by abnormal 
operation of auxiliaries in steam plants; or by utili- 
zation of reservoir storage in hydro plants; or by 
operation of combustion turbines or diesel units 
above base rating; may be included in the Net 
Demonstrated Capability if owning company de- 
sires to do so and the following conditions are met: 


a. The extended capability based on such con- 
ditions will be available for a period of not 
less than four continuous hours when 
needed. 

b. Normal procedures have been established so 
that this capability will be made available 
when requested by the dispatcher. 

c. Such capability will be made available 
within the time limits specified in ECAR 
Document No, 2, Daily Operating Reserve. 


6. In the case of generating equipment with 
steam turbines as the prime movers: 


a. Turbine exhaust pressure will be corrected 
to that normally attained in the winter 
months. 

b. The Net Demonstrated Capability of nu- 
clear units will be determined taking into 
consideration the fuel management program 
of the unit and any restrictions imposed by 
governmental agencies. 


7. Combustion turbines or diesel peaking units 
will be rated at the cold weather condition of 
ambient temperature. 

8. Hydroelectric Plant—Net Demonstrated Ca- 
pability will be that portion of its total installed 
generating capability which can perform the same 
function on that portion of the load curve assigned 
to it as alternative steam generating equipment 
could perform. This capability will be based on 
December average water conditions. 


9. The Net Demonstrated Capability will be de- 
termined by testing. Such test or tests shall be of 
sufficient duration to assure that these capabilities 
are adequate to satisfy the load requirements of the 
owning system and will conform to the following: 


a. A test of a steam electric generating unit or 
plant will be run for a period of not less 
than 2 continuous hours. A test of combus- 
tion turbines, diesels, or hydro will be run 
for not less than 30 minutes. 

b. Steam conditions will correspond to the 
operating standard established by the own- 
ing company for the unit or plant. 

c. The steam generator will be operated with 
the regularly used type and quality of fuel. 

d. A steady output will be maintained to the 
extent possible during a test period. 

e. If the total capability of a plant is mate- 
rially affected by the interaction of its parts 
(such as a common-header plant), a test 
of the entire plant will be performed and 
the Net Demonstrated Capability of the in- 
dividual units determined by prorating the 
total output. 

f. All equipment when tested will be in aver- 
age operating condition with all auxiliary 
equipment needed for normal operation in 
service. 

g. Energy consumption by auxiliary facilities 
common to the entire plant (for example, 
coal-handling or lighting) will be distrib- 
uted over the appropriate units in the plant, 
and will represent the consumption nor- 
mally experienced during the high-load 
period of the day. 

h. Net Demonstrated Capability will be no 
greater than the mwhr/hr. integrated out- 
put for the test period corrected for the Sea- 
sonal Adjustment and Condition Derating 
in effect at the time of the test. 

i. Test will be performed in a 12-month cycle 
or more frequently if appropriate to pro- 
vide the basis for determining Net Demon- 
strated Capability. 

j. Any deactivated generating equipment re- 
turned to active status shall be tested within 
a reasonable length of time. 


B. Determining Seasonal Adjustment.—The 
monthly variation will be determined by computa- 
tion based on analysis of operating records or test. 
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C. Determining Condition Derating—Such 
derating will be determined by computation based 
on analysis of operating records or by test. 


Reporting of Uniform Rating of Generating 
Equipment 


The Net Demonstrated Capability, test results 
and the computations used in determining the Sea- 
sonal Adjustment and Condition Derating of each 
generating unit at the time of test will be submitted 
annually, or more frequently if appropriate, to the 
ECAR Executive Office on a standard ECAR form. 
Seasonal Adjustment factors, with necessary sup- 
porting data, will be submitted for each generating 
unit for each month of the year. 


GLOSSARY 


The following is a glossary of terms used in this 
report: 

1. Net Demonstrated Capability is the winter 
rating of generating equipment. It is the 
steady hourly output which generating 
equipment is expected to supply to system 
load, exclusive of auxiliary power. 


2. Seasonal Adjustment is the predicted varia- 
tion from Net Demonstrated Capability of 
generating equipment due to seasonal fac- 
tors which generally include variation in 
ambient temperature, condensing water 
availability and/or temperature, reservoir 
levels, scheduled reservoir discharge, or other 
causes. 


3. Net Seasonal Capability is the Net Dem- 
onstrated Capability of generating equip- 
ment after seasonal adjustment. The Net 
Seasonal Capability will be declared on a 
monthly basis. 


4. Condition Derating is the day-to-day varia- 
tion from Net Seasonal Capability of gen- 
erating equipment justified by such factors 
as turbine, boiler, and condenser deposits, 
quality of fuel, removal of turbine blades, 
restricted fan or pump output. 


(Outages of boilers of turbine-generators in com- 
mon-header installations and outages of unit auxil- 
iaries will be considered as partial outages and not 
as a Condition Derating.) 
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C. Determining Condition Derating—Such 
derating will be determined by computation based 
on analysis of operating records or by test. 


Reporting of Uniform Rating of Generating 
Equipment 


The Net Demonstrated Capability, test results 
and the computations used in determining the Sea- 
sonal Adjustment and Condition Derating of each 
generating unit at the time of test will be submitted 
annually, or more frequently if appropriate, to the 
ECAR Executive Office on a standard ECAR form. 
Seasonal Adjustment factors, with necessary sup- 
porting data, will be submitted for each generating 
unit for each month of the year. 


GLOSSARY 


The following is a glossary of terms used in this 
report: 

1. Net Demonstrated Capability is the winter 
rating of generating equipment. It is the 
steady hourly output which generating 
equipment is expected to supply to system 
load, exclusive of auxiliary power. 


2. Seasonal Adjustment is the predicted varia- 
tion from Net Demonstrated Capability of 
generating equipment due to seasonal fac- 
tors which generally include variation in 
ambient temperature, condensing water 
availability and/or temperature, reservoir 
levels, scheduled reservoir discharge, or other 
causes. 


3. Net Seasonal Capability is the Net Dem- 
onstrated Capability of generating equip- 
ment after seasonal adjustment. The Net 
Seasonal Capability will be declared on a 
monthly basis. 


4. Condition Derating is the day-to-day varia- 
tion from Net Seasonal Capability of gen- 
erating equipment justified by such factors 
as turbine, boiler, and condenser deposits, 
quality of fuel, removal of turbine blades, 
restricted fan or pump output. 


(Outages of boilers of turbine-generators in com- 
mon-header installations and outages of unit auxil- 
iaries will be considered as partial outages and not 
as a Condition Derating.) 
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EAST CENTRAL REGION 


PRINCIPAL POWER SUPPLY FACILITIES 
AS OF 1970 
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PREFACE 


The Southeast Regional Advisory Committee, representing all segments of the electric utility industry, 
was established by the Federal Power Commission in March 1966 to assist in the Commission’s continuing 
National Power Survey Program. Members of the Committee are listed on the following page. The specific 
purpose of the Committee was to review power system planning and operating policies and practices. This 
report outlines these studies. 

Since the Commission issued the National Power Survey Report in 1964, the phenomenal growth con- 
tinues in the utilization of electric power in the Southeast. This stems largely from continued industrial 
development and expansion. Spectacular increases in power demand have also resulted from a large expansion 
of domestic and commercial use owing to changes in social habits as the retail customer became adjusted to 
increased use of power in the home. Furthermore, the national defense effort since 1964 has continued to 
create power demands of enormous proportions. These demands are currently requiring large scale increases 
in the power supply of the Southeast. 

The area studied includes the States of Alabama, Florida, Georgia, North Carolina, South Carolina, 
Tennessee, and portions of Kentucky, Mississippi, Virginia, and West Virginia. It is designated Region III 
by the Federal Power Commission. The scope of the report involved studies of load projections to the year 
1990, patterns of generation and transmission, programs of coordination, fuel and water resource availability, 
and projected economic trends. 

Reports on load forecasts, patterns of generation and transmission, hydroelectric potential, and co- 
ordination were prepared by Task Forces or Subcommittees. The chapter on Fuels was abstracted from a 
report prepared by the Fossil Fuel Resources Committee—Northeast, East Central, and Southeast Regions. 

The Task Forces and Subcommittees surveyed the plans of 25 utilities, representing over 98 percent of 
the energy requirements, located within Region III for plans of expansion of generation and transmission for 
the periods 1968-1970; 1971-1975; 1976-1980; 1981-1985; and 1986-1990. In general, the patterns of 
generation and transmission are those developed by each of the major coordination areas within the region, 
taking into account existing power contracts both within and between the areas. 

The Committee acknowledges and is appreciative of the work performed by the Task Forces and Sub- 
committees in the preparation of this report. It is the opinion of the Committee that the plans outlined 
herein will provide a useful general guide to the future development of power in the Southeast. However, 
the Committee would like to emphasize that these load forecasts and future development plans are only 
broadly indicative of the load growth and plans required to meet this growth. 
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SUMMARY 


Structure of the Industry 


The Southeast Region, Federal Power Commis- 
sion statistical Region III, encompasses Power Sup- 
ply Areas 18 and 20 through 24. The Power Supply 
Areas are usually associated with the following 
states: 18 with Virginia, 20 with Tennessee, 21 with 
North and South Carolina, 22 with Alabama, 23 
with Georgia, and 24 with Florida. The Southeast 
Region has an area of about 355,000 square miles 
and in 1967 the population exceeded 30 million. 

At the end of 1967 there were 563 systems in the 
Southeast Region engaged in one or more of the 
three distinct functions of generation, transmission, 
and distribution as required in the production and 
delivery of electricity to about 10.5 million ultimate 
consumers. The public non-Federal ownership 
group, which includes municipal, state, and county 
entities, accounts for 329 of the 563 systems in the 
region. Cooperatives, the next largest ownership 
group, accounts for 193 systems. Investor owner- 
ship accounts for 30 systems, industrial ownership 
for nine systems, and Federal ownership for two 
systems. 

Development of the utility industry in the South- 
east Region over the years has led to the formation 
of the TVA System, The Southern Company Sys- 
tem, the Florida Group, and the CARVA Pool. 
These four coordination areas include 17 larger sys- 
tems along with a majority of the other systems 
which are basically distributors with their bulk 
power supply interests in the 17 larger systems. This 
group accounts for more than 97 percent of Region 
III’s power requirement. Among those not included 
in the 97 percent are 15 isolated systems with an- 
nual requirements equal to about 0.5 percent of 
Region ITI total. 

Some additional potential for further pooling and 
coordination still exists in Region III but this, how- 
ever, is small. 


Peak Load Forecasts 


The load estimates for the Southeast Region have 
been updated from those published in the 1964 Na- 


tional Power Survey and extended to 1990, an 
additional 10 years. 

The Southeast Regional Advisory Committee 
solicited load forecasts from the 25 major utility 
systems which accounted for over 98 percent of the 
energy requirements for Region III in 1965. The 
familiarity which each utility has within its area 
permits a more accurate evaluation of factors affect- 
ing the use of electricity. The factors considered are 
population, size and amount of industry, weather 
conditions and their effects on heating and cooling 
loads, and competitive forms of energy. Shown be- 
low are the Region III coincidental peaks for each 
of the 10-year periods 1970-1990: 


Peak Demand 


Year MW 

1970 52, 960 
1980 109, 270 
1990 210, 400 


All estimates are subject to changing conditions. 
It is presumed, however, that the load forecasts for 
the early years are reasonably accurate. However, 
projections for the later years are subject to many 
unknown influences and tend to be less accurate. 
The long-range projections should form a reason- 
able foundation for the development of generation 
and transmission patterns. 

In 1965 the coincidental peak demand for Re- 
gion III was 33,811 megawatts. By 1970 the de- 
mand is expected to increase by more than 56 per- 
cent, or an average annual growth of 9.4 percent. 


By 1980 the growth in demand over 1965 is esti- 


mated to be about 223 percent or better than an 
average annual increase of 8.1 percent. A compari- 
son of the 1965 demand and the 1990 demand 
shows an increase of over 522 percent or an average 
annual increase of 7.6 percent. 


Generation and Transmission 


The Regional Advisory Committee surveyed the 
plans of 25 utilities in Region III for expansion of 
generation and transmission facilities. The Commit- 
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tee also surveyed the status of and plans for coor- 
dination of bulk power supply facilities among the 
utilities, including current and future utilization of 
load diversity, as a means of reducing generating 
capacity. 

Generating capacity additions of 193,528 mega- 
watts are contemplated by the Southeast utilities to 
meet the annual peak load of 210,400 megawatts 
projected for Region III in 1990. Both large fossil- 
fired and nuclear generating type plants are in- 
cluded in projected capacity additions for base load 
operation. Conventional hydroelectric capacity ad- 
ditions forecast by the utilities amount to 2,198 
megawatts and pumped-storage capacity additions 
for peaking purposes total about 8,500 megawatts. 
A total of 993 megawatts of thermal peaking ca- 
pacity is projected by 1990, of which 490 megawatts 
will be located in Florida where terrain considera- 
tions limit conventional hydroelectric and pumped- 
storage developments. 

The maximum and average sizes of fossil-fired 
and nuclear turbogenerating unit additions are ex- 
pected to increase in future years. During the period 
1970-1990 the maximum size of fossil-fired units is 
expected to increase from 1,130 to 1,500 megawatts 
and the average size from 447 to 744 megawatts. 
During the same period the maximum size of 
nuclear units is expected to increase from 1,065 to 
2,000 megawatts and the average size from 842 to 
1,181 megawatts. 

Seasonal diversity exchanges between systems 
which have their largest loads in summer and other 
systems which have their largest loads in winter 
are mutually beneficial. Seasonal exchange agree- 
ments, involving utilities in the Southeast Region, 
provide a basis for the present seasonal diversity 
exchange of some 2,000 megawatts. The largest sin- 
gle exchange agreement is for 1,500 megawatts be- 
tween TVA and the South Central Electric Com- 
panies in Region V. A comparison of the loads of 
summer and winter peaking systems in future years 
indicates that opportunities for additional seasonal 
exchange in the period 1980-1990 appear to be 
quite limited. 

Future transmission patterns indicate a continua- 
tion of the EHV line development started in the 
early 1960’s. Substantial amounts of 230-kilovolt 
transmission have been built in most sections of 
Region III and there are two notable installations 
of 500-kilovolt transmission. One of these is designed 
to accomplish seasonal diversity exchange between 


TVA and the South Central Electric Companies 


and the other is the 500-kilovolt system associated 
with the Virginia Electric and Power Company’s 
mine-mouth plant. In certain areas of Region 
III where steam plants can be located relatively 
close to load centers this factor favors transmission 
at 230 kilovolts as being more economical than 500 
kilovolts in those areas. In other areas conditions 
are substantially different, and special factors may 
indicate the use of 500-kilovolt transmission. For the 
entire Region about 4,150 miles of 500-kilovolt 
transmission are forecast for 1980 and 9,019 miles by 
1990. Because of the factors noted above, that is, 
the relative intermediate distance between load and 
generation, the 500-kilovolt system is expected to 
suffice through the 1980’s. The utilities in the Region 
will continue to participate in the programs cur- 
rently under way concerning the problems of EHV 
systems and look forward to the selection of a level 
which will afford the greatest benefits when a volt- 
age about 500 kilovolts becomes necessary. 


Environmental Consideration 


The concern of the general public for preserva- 
tion of the quality of natural resources and environ- 
ment is shared by the Southeast utilities. Utility 
managements are deeply committed to making their 
power facilities compatible with the environmental 
quality needed for public health and enjoyment. 
Today many Southeast utilities have a full time en- 
vironmental staff, the sole responsibility of which 
is to determine the compatibility of new facilities 
with their surroundings and evaluate the effects of 
existing facilities and determine what can be done 
to make them more compatible. The rapid load 
growth expected in the Southeast makes it impera- 
tive that early solutions be found to the problems 
of best use of environmental and natural resources 
for bulk power supply, while protecting them for 
public health and enjoyment. 


Coordination 


Coordination of operating procedures and plan- 
ning for reliability of power supply are in effect be- 
tween the various systems in the Southeast. This is 
being implemented by Reliability Coordination 
Agreements between neighboring systems and pools, 
as well as by joint study programs conducted by 
systems on a less formal basis. Discussions are now 
being held to put into effect other similar formal 
agreements. 
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In most cases, the work involved in coordination 
is carried out by committees or special working 
groups. These committees meet periodically for the 
purpose of discussing problems and implementing 
studies leading to increased reliability. These dis- 
cussions and studies deal with matters such as gen- 
eration and transmission planning, construction 
schedules, operation, maintenance schedules, spin- 
ning reserve requirements, and mutual assistance 
during emergencies. 


Undeveloped Conventional Hydroelectric 
Potential 


The appraisal of undeveloped conventional 
hydroelectric potential in the Southeast included a 
review of 216 sites. After eliminating 185 of these 
sites for various reasons, the remaining 31 were 
studied in more detail. Four of the 31 sites were 
combined as a single project leaving a total of 28 
developments.. The potential undeveloped c: capacity 
represented by these 28 projects totals 4, 4,614 mega 
watts. 

A relative feasibility index was developed for each 
of the 28 projects by limiting project costs and values 
to power and recreation only. By this method it was 
found that nine of the projects with a total of 1,378 
megawatts of undeveloped potential show economic 
promise and may be brought into service by 1980. 
Five additional projects that are less attractive than 
the previous nine may be developed by 1990, if other 
multiple purposes are included to enhance their 
feasibility. The total conventional hydroelectric po- 
tential of these five projects is 785 megawatts. De- 
velopment of the 14 remaining projects with hydro- 
electric power as their primary purpose appears 


unlikely. 
Fuels 


Fossil fuels accounted for about 89 percent of the 
total electric generation in the Southeast Region 
during 1966. Large amounts of coal originating at 
mines in West Virginia, western Kentucky, and 
Alabama, and smaller shipments from Illinois and 
Tennessee accounted for 74 percent of the genera- 
tion by fossil fuels. Fuel oil (residual) has been used 
extensively in Florida and accounted for about eight 
percent of the electric generation in 1966. Gas de- 
livered by pipeline from Louisiana and Texas ac- 
counted for about seven percent of the generation 


in 1966. Use of gas as a boiler fuel is limited mainly 
to pipeline valley periods. The remaining 11 percent 
of generation was produced by hydraulic prime 
movers. 

In 1966 over 63 million tons of coal were used at 
generating plants of the Region along with 28 mil- 
lion barrels of oil and about 141 billion cubic feet 
of gas. 

Estimates of fossil fuel requirements for 1990 
show a need for 121.5 million tons of coal, 18.7 
million barrels of oil, and over 422 billion cubic 
feet of gas. Cost of coal has been dropping owing to 
improved mining technology and tends to increase 
owing to increased labor and transportation costs. 
Unless technology is able to produce more coal per 
man-hour, future coal costs will increase. Gas prices 
are up about five percent in the period between 
1960 to 1966. It is expected that residual oil pro- 
duction will be less in the future owing to the fact 
that refineries can produce more profitable products 
using residuals from crude oil. 

Unit trains have served to reduce coal transporta- 
tion costs. Mine-mouth power generating facilities 
in coal producing areas have reduced both trans- 
portation and coal storage costs. For the future, 
however, the results of this Committee’s survey indi- 
cate increasing cost of coal at plants for electric 
generation. The advent of EHV has aided in carry- 
ing the energy production from mine-mouth plants 
to market. 

The Southeast Region does not currently have 
nuclear units on line. However, 23 units are sched- 
uled for service by 1975. The Private Ownership of 
Special Nuclear Materials Act of 1964 permits the 
orderly transfer of radioactive material from Gov- 
ernment to private ownership. This along with the 
discovery of additional uranium reserves and the 
promise of breeder reactors within the next 15 years 
should greatly assist in increasing the supply of 
nuclear fuel. Indications are that nuclear power 
will assume an ever increasing role in power 
production. 

An addendum to the fuels report prepared June 2, 
1969, shows that, at least for the short run, fuel oil 
and natural gas consumption in the Southeast 
Region has taken a decided upward trend from that 
forecast in the report. This upward trend is due to 
greater use of electric power, delayed nuclear plants, 
accelerated air pollution control programs, increased 
cost of railway freight and coal, decreased cost of 
fuel oil, and availability of low sulphur oil. 
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CHAPTER | 
STRUCTURE OF THE INDUSTRY 


General 


The Southeast Region is one of six regions in the 
continental United States for which the Federal 
Power Commission established a Regional Advisory 
Committee to make studies to be used for updating 
the 1964 National Power Survey. The Southeast 
Region has an area of about 355,000 square miles 
which is 17.5 percent of the area of the continental 
United States. In 1967 the population in the region 
exceeded 30,000,000 which is about 15.4 percent of 
the population of the continental United States. 

The Southeast Region, Federal Power Commis- 
sion statistical Region III, encompasses Power 
Supply Areas 18 and 20 through 24. The boundaries 
of these power supply areas are delineated by the 
service areas of the electric utilities, groups of utili- 
ties, and operating power pools. Region III 
includes all of North Carolina, South Carolina, 
Georgia, Florida, Alabama, and Tennessee along 
with parts of Virginia, Kentucky, Mississippi, and 
West Virginia. 

Figure 1 shows the geographical extent of Region 
III by states and power supply areas. The power 
supply areas are usually associated with the follow- 
ing states: 18 with Virginia, 20 with Tennessee, 21 
with North and South Carolina, 22 with Alabama, 
23 with Georgia, and 24 with Florida. The power 
supply areas may be grouped into four distinct 
coordination areas within which a high degree of 
coordination now exists. The four coordination 
areas are also shown on Figure 1 and will be referred 
to in this report as follows: 


PSA Coordination Areas 
7158 Nagel ah TVA System 
22 and 23___ The Southern Company 
System 
VL oa ta FH The Florida Group 
18 and 21_-_. CARVA Pool 


Composition of the Power Industry in the 
Southeast Region by Class of Ownership 
and Size 


At the end of 1967 there were 563 systems in the 
Southeast Region engaged in one or more of the 
three distinct functions of generation, transmission, 
and distribution as required in the production and 
delivery of electricity to about 10.5 million custo- 
mers. Information on the class of ownership, peak 
loads, annual energy requirements, and installed 
generating capacity for these systems has been as- 
sembled by the staff of the Atlanta Regional Office 
of the Federal Power Commission from annual 
Power System Statements. 

The 563 systems do not include the Southeastern 
Power Administration, the marketing agency for 
power generated at Corps of Engineers projects in 
the Southeast Region, since the output of the proj- 
ects is resold by a number of the other systems that 
are included. Of the 563 systems, 554 are electric 
utility systems and nine are industrial concerns. 
The nine industrial concerns are included because 
eight of them make incidental deliveries of elec- 
tricity to ultimate consumers and the generating 
facilities of the other one are coordinated with the 
operations of neighboring utilities. 


Number of Systems by Class of Ownership 


The electric power industry is made up of four 
distinct ownership segments: Investor-owned, state 
and local public agencies, cooperatives, and Federal 
agencies. The number of systems in each ownership 
classification at the end of the year 1967 is sum- 
marized in Table 1. The public non-Federal owner- 
ship group in the table includes municipal, state 
and county entities. This ownership group accounts 
for the greatest number of systems—329 of the 563 
systems in the region. Cooperatives, the next largest 
ownership group, account for 193 systems. Investor 
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ownership accounts for 30 systems, industrial own- 
ership for nine systems, and Federal ownership for 
two systems. 


Number of Systems by Size 


There are several measures used in the utility 
industry to categorize a system by size. Those 
normally used include generating capacity, peak 
load, annual energy requirements, transmission line 
mileage, number of customers served, revenue, etc., 
depending, of course, on what phase of utility oper- 
ation is under consideration. As a measure of system 
size from a power supply standpoint the annual 
system peak load which is usually readily available 
and well adapted for comparison of system sizes is 
considered a good criterion. 

The 1965 peak load data for the 563 systems in 
the region are allocated to 12 selected load intervals 
ranging from 0 to 25,999 megawatts in Table 1. 
Of the total, 31 systems had peak loads exceeding 
100 megawatts and 532 had peak loads less than 
100 megawatts. Of the 532 systems with peak loads 
less than 100 megawatts, 430 are concentrated in 
the two load intervals below 25 megawatts. This 
allocation indicates that there are relatively few 


large systems and a large number of small systems. 
The majority of the small systems, however, are a 
part of a larger system with regard to power supply. 

In 1965 the TVA System had the largest peak 
load in the region such load being slightly over 
12,800 megawatts. The peak loads of 12 investor- 
owned systems in the region exceeded 100 mega- 
watts and ranged up to the 3,200 to 6,399 megawatts 
load interval shown in Table 1. There are 11 public 
non-Federal Systems in Table 1 that had peak loads 
in excess of 100 megawatts and some that ranged 
up to the 800 to 1,599 load interval. The peak loads 
of six cooperative and one industrial system are over 
100 megawatts. All are in the 100 to 199 megawatts 
load interval shown in the table. 


Participation in Southeast Region Power 
Pools 


Development of the utility industry in the South- 
east Region over the years has led to the formation 
of the TVA System, The Southern Company Sys- 
tem, the Florida Group, and the CARVA Pool. 
Details on pooling agreements and the joint pro- 
grams and procedures adopted by these systems to 
attain maximum economy and reliability of power 


TABLE 1 
Southeast Region—Number of Electric Systems by Size of Peak Load (1965) and Class of Ownership 
(1967) 
System peak load Investor Federal Public Cooperative Industrial 2 Total 
owned non-Federal 1 
ROR B00= 2559997 (Vi Bah ar ees el oe Mee Me a et ae Oe ee ee 1 
654.00 12570 9 Meameeee Mmm, PU sie. Mave: mI psrn enced Seance Ne SyNeR RAC ay Aba eR a cave fans Cncyiote saenstckotave\elion «iia. lat tlasey sh ebayer ane. 
3, 200— 6, 399 AMET eo RP RR CLACTON ONO OTD CAIUS FC CURIS Sot HONE RC CRE PE CTE 2 
1, 600— 3, 199 IT Nae oot oh one ROE ee VE en ero SISIAU AG ETSY Gai eee AL thet Seehie wl Gnaly Ss 4 
800- 1, 599 2. ees ists slay eel 5 lar QL ee PO re ye eee ist oe one 4 
400- 799 Perth math ree RR CGD consent, hd RIOR CORO Ree Oe 6 
PAU | RR Tg Ba nere on bed ob eh5.n Oar coord CEN PAs eB eon Cee ORR Re Rane Ra eS 2 
100-_——_:199 | eR Saar oars 4 6 l 12 
50- 99 1K PA tacltaaa Neoe 19 1 a are a 5 lets an 35 
25- 49 Vrs ae ete ae 46 19 1 67 
13- 24 [eee eer at 48 56 i 106 
0Q- 12 15 205 98 6 324 
FLOtal sara erratic 30 329 193 9 563 


1 Includes municipal, state, and county entities. 
* Includes only those industrials which make incidental 
deliveries to ultimate consumers. 


3 Data are from pool report which includes two investor 
owned systems. 
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supply are included in Chapter IV, Statement of 
Coordination. As shown on Figure 1 the coordina- 
tion areas of these entities cover the entire region. 


Systems in Power Pools 


From the standpoint of reliability and coordina- 
tion of operating matters each of the four large 
entities listed above constitutes an area of strong 
coordination. Each area is of sufficient size to pro- 
vide adequate assistance during emergencies so that 
maximum advantage from this standpoint is 
achieved. 

These four coordination areas include 17 larger 
systems along with a majority of the other systems 
which are basically distributors with their bulk 
power supply interests in the 17 larger systems. 
From a power supply standpoint, more than 97 per- 
cent of Region III’s requirement is furnished from 
the bulk power systems of the TVA System, the 
Southern Company System, the Florida Group and 
the CARVA Pool. 


Systems Not in Power Pools 


Systems in the Southeast Region that are neither 
a principal to one of the four Regional Pools nor 
participants through contractual relations with their 
suppliers account for less than three percent of the 
energy supplied in Region III. The principal sys- 
tems not in pools consist of South Carolina Public 
Service Authority, Alabama Electric Cooperative, 
Crisp County (Georgia), Key West, Gainesville, 
Fort Pierce, Tallahassee, Lakeland and 10 addi- 
tional smaller isolated systems located in Florida. 
The isolated systems, 15 in all, account for only 
about 0.5 percent of the Region III energy. Some 
of these isolated systems are geographically remote 
making interconnection not feasible. Others find the 
costs of interconnections of sufficient capacity to 
fully integrate their systems with neighboring util- 
ities unattractive. 

Some additional potential for pool participation 
does exist but relative to Region III as a whole, 
this is small. 
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CHAPTER Il 
ESTIMATED FUTURE POWER REQUIREMENTS 


General 


The load estimates for the Southeast Region have 
been updated from the estimates used in the 1964 
National Power Survey and extended for another 
10 years to 1990. A comparison between the esti- 
mates for the Region in the 1964 Survey with esti- 
mates reported herein indicates about a 14 percent 
increase in the energy requirements for 1980. 

The Southeast Regional Advisory Committee de- 
cided that the Southeast load studies should be ap- 
proached by starting with individual studies made 


by the major power systems which in 1965 ac- ~ 


counted for over 98 percent of the energy for load 
requirements in Region III. These systems are most 
familiar with the area in which they operate, its 
growth in industry and population, the degree to 
which electric heating and air conditioning is being 
used, and the extent of saturation of these uses. In 
preparing the studies each major system was re- 
quested to consider the various factors brought out 
in the “Guidelines for Revision and Extension of 
National Power Survey Load Forecast” as prepared 
and distributed by the Federal Power Commission. 
Special attention was given to electric heating for 
both commercial and residential customers, and 
other factors affecting the use of electricity such as 
price levels for competitive forms of energy. When 
the individual load forecasts were completed they 
were reviewed for possible overlaps, reasonableness 
of load factors, and the time of the year at which the 
system peaks occurred so that proper consideration 
could be given to diversity among the various sys- 
tems. Separate consideration is being given in this 
report to existing diversity exchanges, including a 
large one with Region V, and to maintenance re- 
quirements. (See Chapter III.) An appropriate 
allowance was also made for smaller systems to grow 
in future years at a rate commensurate with that of 
the major systems. 

All estimates are subject to changing conditions. 
With the present economic outlook these load fore- 


casts should be reasonably accurate for 1970 and 
1975 but in later years the projections will be sub- 
ject to unknown influences and hence be less ac- 
curate. The projections for the period 1975-1990 
are generally mathematical extrapolations based on 
historical patterns and short range forecasts tem- 
pered by the judgment of the individual systems. 
These longer range projections should be reviewed 
in future years and adjusted to new conditions, but 
should form a reasonable foundation for the devel- 
opment of transmission and generation patterns 
which will be needed to meet the future load re- 
quirements of the Southeast. 


Annual Power Requirements 


The total energy requirements in Region III in 
1965 amounted to 203,145 gigawatt-hours with a 
coincidental peak load of 33.8 million kilowatts and 
a load factor of 68.6 percent. For 1990 these are 
projected as 1,204,580 gigawatt-hours, 210.4 mil- 
lion kilowatts, and 65.4 percent, respectively. This 
represents an energy growth by 1990 of nearly six 
times over 1965 and an average annual compound 
rate of growth of 7.6 percent over the period. 

Table 2 summarizes for Region III and its com- 
ponent power supply areas past power requirements 
by 5-year intervals for the years 1955-1965 and 
estimated future requirements by 10-year intervals 
from 1970-1990. Table 3 shows the comparative 


growth of energy by various indices by power sup- 


ply areas and for Region III. 


Seasonal Characteristics 


A considerable difference exists in the load pat- 
terns of utility systems in Region III owing to 
variations in temperature and weather conditions. 
In order to evaluate possible diversity savings and 
effect coordinated system planning it is necessary 
to have a knowledge of the various load patterns 
within the region. Table 4 shows estimated sum- 
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mer and winter peaks in Region III, each power 
supply area, and each of the power pools or co- 
ordinated study areas. 

It will be noted from Table 4 that certain areas 
within the region experience summer peaks while 
others have winter peaks. Summer peaks are due 
in the main to air conditioning load as during 
extended hot periods the load builds up and is 
sustained for a relatively long time producing a 
fairly flat peak. In Areas 20 and 24 during low 
temperature periods the demands can cause an- 
nual peaks, but these peaks are normally not sus- 
tained as are the summer peaks. It will be noted 
from the table that in 1960 the region coincidental 
peak occurred in December, whereas in 1965 the 
August peak was slightly higher than the December 
peak. Projections tor 1970 and 1980 indicate a 
winter peak, whereas by 1990 a shift is expected to 
a summer peak. 

The summer peak season includes the months 
of June through September. Peaks are likely to 
occur during these months but most commonly oc- 
cur in July or August. For study purposes, August 
is considered as the summer peak load month. Win- 
ter peak loads are likely to occur in the 5-month 
period November through March. For study pur- 
poses, December is the month selected for the win- 
ter peak load. 

Tables 5 and 6 show estimated monthly peak 
demand and energy requirements for each of the 
10-year intervals between 1970 and 1990. Also 
shown are actual monthly demands and energy 
data for the years 1960 and 1965. The tables re- 
flect average patterns of recent years. In power 
supply areas where summer peaks have been in 
effect for some years the changes in monthly load 
characteristics occur gradually. In areas which are 
in the process of transition from a winter to a sum- 
mer peak there will be a more marked change in 
load characteristics. 


Principal Load Centers 


Usually the development of power supply for an 
area is dependent upon the geographic dispersion 
of load. Utility customers are dispersed over the 
system in varying degrees of concentration. Load 
centers are points of load concentration. Where 
possible, system planning calls for location of gen- 
eration and transmission facilities close to large 
load concentrations. Where conditions do not per- 
mit the location of generation close to load cen- 


ters, backbone transmission must be provided to 
receive large blocks of power. Load centers in gen- 
eral conform to areas of large population concen- 
trations and areas containing large industrial cus- 
tomers. While there is no exact way to determine 
power requirements of load centers, approximations 
can usually be made to indicate the area of future 
growth. 

There are 71 load centers in Region III which 
are identified in Table 7. These load centers are 
expected to be 150 megawatts or larger by 1970. 
The table indicates the expected loads for the pe- 
riods 1970, 1980, and 1990. The demands repre- 
sent an allocation of the coincidental annual power 
supply area peaks, assuming no diversity among 
various load centers. Figure 2 shows the general 
areas of heavy load concentration in Region III. 
The shaded areas represent load concentrations 
of 1,000 megawatts or larger. Areas devoid of shad- 
ing indicate more or less uniform dispersion of 
load in amounts less than the selected criterion. 


Classified Sales 


Total utility load is the summation of loads of 
various customer categories served. Since each type 
of load records its signature as a part of the total 
demand pattern, it becomes desirable to know what 
types of load and the amounts of each type being 
served. This knowledge makes it easier to analyze 
the requirements and supply data by each class 
of use. In addition, the data can be useful as an 
indicator of the identity of the probable future 
growth of each category. 

Utilities have several types or categories, the 
major groups being defined as residential, rural, 
commercial, industrial, and “other.’’ “Other” usu- 
ally includes such services as street and highway 
lighting, water pumping, municipal services, such 
as schools and other municipal buildings and other 
significant amounts that may be identifiable by 
metering. The amount realized by summing up 
these categories represents energy sold for ultimate 
consumer use. The difference between this figure 
and the system energy for load is expressed as 
energy lost and unaccounted for. Rural consump- 
tion indicates energy used on the farm. The amount 
of energy requirements can vary greatly depend- 
ing upon the type of farm served and the extent 
that labor saving devices are used. Residential use 
per customer would depend largely upon the satu- 
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ration of high energy use appliances, such as water 
heaters, ranges, air conditioners, heat pumps, and 
strip heating. Commercial customers are those that 
supply the services to the population of the area. 
These would include dry cleaning establishments, 
stores, theatres, filling stations, and the like. The 
industrial customer usually includes the large power 
consumers which are engaged in many industries 
such as processing of primary and non-ferrous 
metals, chemical production, and various types of 
mining. Some utilities rather than define the type 
of load by either manufacturing or service use the 
size and characteristic of the load served to estab- 
lish the applicable rate charged. Similarly an agri- 
cultural operation, if large enough, might be 
classified under commercial or industrial category 
by virtue of the rate used in its classification. 

Table 8 indicates actual distribution of sales by 
class of service for the 5-year periods 1955-1965 
and, for the same interval, estimates of future dis- 
tribution of sales between 1970 and 1990. In the 
past the categories experiencing the largest gains 
have been residential, commercial, and industrial. 
A large part of the industrial gain in Region III 
can be attributed to the Atomic Energy Commis- 
sion’s loads which have been curtailed in recent 
years but will no doubt come back into the picture 
within the next several years. 

In 1965 Region III had energy for load of 
203,145 gigawatt-hours. Of this total 59,069 giga- 
watt-hours or about 29.1 percent was classified as 


rural and residential sales. Of this amount about 
90 percent or 53,129 gigawatt-hours was non-farm 
residential requirements, leaving 5,940 gigawatt- 
hours or about 10 percent for farm requirements. 
It is expected that the number of farms will con- 
tinue to decrease and the average size farm will 
continue to increase in the future. By 1990 it is 
estimated that the farm requirements will increase 
to 16,612 gigawatt-hours and at that time will rep- 
resent about seven percent of the rural and residen- 
tial requirements. 

By 1990 commercial sales are expected to increase 
to about 23 percent of the total load from about 14 
percent in 1965. During this period the industrial 
load is expected to remain at about 46 percent of 
the total load. 


Utility Load Curves 


A useful tool in analyzing system load characteris- 
tics is the load curve. These curves are usually pre- 
sented as load duration or integrated energy types 
and may present data on a daily, weekly, or monthly 
basis. Figures 3 and 4 show integrated hourly load 
curves for the peak day in the weeks of August and 
December. These curves are plotted for Power Sup- 
ply Areas 22 and 23 separately and combined. The 
curves for the combined Areas represent the load 
pattern of The Southern Company System. The 
tabulation below shows the load characteristics for 
the week containing each day plotted: 


August 1965 December 1965 
PSA PSA PSA PSA PSA PSA 
22 23 22 & 23 22 23 22 & 23 
ROR CAICHUIVL. WW) lace ieee eet ht aves sas ee ats oie 3, 419 3, 474 6, 893 2, 924 3, 487 6, 411 
meer er Vat Cs WEL) cote sien oot pel sre ichatn mn dain s vee eee aa 445 430 875 372 426 798 
Woaderactors (<5) ate earn e es oe 77. 4 7307 75. 6 PD Of iad, 74. 1 


An examination of the curves shows that Power 
Supply Area 22 has a smaller variation between the 
maximum and minimum demand than that for 
Power Supply Area 23. The higher load factor for 
Power Supply Area 22 reflects this lower ratio be- 
tween maximum and minimum demands. It will be 
noted that the peak hours are not sustained for as 
long an interval in the December curve as that for 
August. The broader summer peak reflects the sus- 
tained effects of relatively high cooling facility 
saturations. 


Figure 5 shows the estimated load duration curve 
for The Southern Company System for the summer 
peak week in 1990. The curve has characteristics 
similar to a selected week in August of 1965. Alloca- 
tion of the estimated 1990 power supply to positions 
on the curve illustrates how the various types of 
generating capacity could be utilized to serve the 
system load. In Figure 5 the conventional hydro- 
electric supply is loaded on the curve in the most 
advantageous position. Next the pumped-storage 
hydroelectric supply is loaded. The pumped-storage 
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supply is indicated in two bands above and below = Shown above the peak is available supply expected 


the position of the conventional hydroelectric sup- _in excess of load requirements. Power requirements 

ply. The nuclear supply is loaded in the base and —_ associated with the operation of pumped-storage 

the fossil-fuel supply is loaded to fill the curve. capacity are shown outside the duration curve. 
TABLE 2 


Region Iil—Past and Estimated Future Annual Power Requirements * ? 


PSA Actual Estimated 
and Item Unit?) —— = 
region 1955 1960 1965 1970 1980 1990 

18.2000 8 See. energy for! Load 2 anenie GWH 5, 938 9, 380 145994 23, 790 57, 420 114, 240 
Peak: Demand 34). ace ae MW eS Wa 1, 815 2n923 4,770 11, 170 21, 760 

Load ‘Factor: iaan.o 36h cates % 7.9 58. 8 58. 6 56. 9 O87 59. 9 

90 see) 2 Energy forsLoad & fp taaee GWH 53, 207 66, 520 77, 378 96,720 185, 550 253, 160 
Peak Demande ome tee MW 38,314 *%10,732 *12,804 * 18/050" * 33,610) 3 aero 

Load Factors. 24:2 ai). enous % 73.9 70. 6 69. 0 61.2 63. 0 61.5 

21 span o sons energy for Load Sriaeer. are GWH 19, 560 27, 488 41, 374 66,500 143, 650 313, 880 
Peak Demand 3.5... -0.40 03 MW 33,097 9 * 4, 992 (eye) 11, 460 24, 560 53, 300 

Load. Factor: 90... dott eosin % 62. 1 62. 7 64. 5 66. 2 66. 8 67.2 

22 os isotens sous Energy for Load........... GWH 8, 778 13, 458 20, 391 32, 180 67, 930 126, 890 
Peak Demand 77ers aor MW 1, 640 2, 548 3, 896 6, 080 12, 940 23, 970 

Doad fattorss 82.2 ete at. % 61.1 60. 1 D957 60. 4 599 60. 4 

23 Ee ea nergy forilLoad:.Garu. oo. : GWH 9, 068 13, 822 20, 916 33, 890 66, 150 137, 790 
Peak Demand 357402 oF MW Lod 2, 638 3, 882 6, 320 129190 25, 260 

Load. Factor «cea ire wces ag % 58. 9 DONG 61.5 61.2 619 62. 3 

747.82. asia nergy tor Lead... <6... ae GWH 8, 464 16, 843 28, 092 46,060 115,510 258, 620 
Peak Demande. aa ore MW 81, 833 3, 091 Oral ae Ne (8.0) 22, 020 50, 260 

Load Factor pe. ea osctan % 92,7 200 60. 8 57.8 O99 58. 7 

Region III 4). Energy for Load. o2.2 -5..<% GWH 105,015 147,511 203,145 299,140 636,210 1, 204, 580 
Peak Demand 373 LY, 185168 99. 325,7947 33,81) 9852, 960) 1095270 210, 400 

Load: Factors: aici. cen 66. 0 64. 7 68. 6 64. 5 66. 5 65. 4 

1 AEC loads included in conformity with FPC guidelines. 3 Winter peak, all others summer. 
2 Loads do not reflect existing seasonal exchanges both 4 Maximum seasonal load, see Table 4. 


within and without Region III nor the effect of other 
elements such as maintenance requirements. For separate 
treatment of diversity, see Chapter III. 
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TABLE 3 
Region IlI—Comparative Growth of Total Energy Requirements 


Index 1960—100 
PSA, region, and PSA groups oS SSE REISS. PGE EGS Tse = ae 
1960 1965 1970 1975 1980 1985 1990 


NG eect ee OE onal Setar ole Ses ain Seah ede etetete es oe cle siane 100 160 254 403 612 883 jh AAs! 
PAS ccenctkcl duce om oS R ESE ke NOR i ACI RR MEGS: GtGac AOC Gh Ona Rat e 100 116 145 204 279 329 381 
D VIREP ye VN eae nse) 8 + GIeey Sev cllGrsy siai's.« Sree Ne Clee cuee 8% 0 ede 100 151 242 361 523 761 1, 142 
PUA 6 city ih lcs oN CRRA. ONCE NOD ICRC ERE. O18 ch NERO ce 100 152 239 353 505 720 943 
a) SPRATT a aE et Pevieigl soe ooe ic sate = sottayti rola ohePebayt ioe eta tbr oh ace ce ets 100 151 245 325 479 695 997 
SD A MOMS Ute Ts ahe ssitet sHeticios dic. atte waren) 8 (ns! elas 6 Mle: Seetlaiy' own ar eau 100 167 273 440 686 —-1, 038 1, 535 
REPTOMOL LLP er sy cee erie ot easton erence teMe ns raretien| hte: odes 10. ow aay 100 138 203 298 431 595 816 
RGFANGEZ LEO. « citehtsrs 6 site icials s+ o sjolsdelt alee Susie ofoiene' 100 153 245 372 545 792 1, 161 
Fd Bae OR e cy Be olen Eb Bio tos Ohi ORD aS 23 ERRNO Cane a 100 151 242 O59 491 707 970 


Five Year Compound Rate of Annual Growth in Percent 


1960-65 1965-70 1970-75 1975-80 1980-85 1985-90 


Dee ease este lege Spears ees cave.sepa ls lay o bboyapsito lle (ofp. SUS Shia shia 9.8 9.7 2) Y/ 8.7 7.6 6. 6 
BADE cee f-cebints A CRORE ae SOCIO: CLAS PRORORCIES OR on, OPP RAEE a ene enter 3.0 4.6 1 3 6.5 3. 4 3.0 
PA essen Siauy or ORLA OG Oe Bi Sane Ree ee ee 8.6 10. 0 8.3 Ba | 7.9 8.5 
Pd. 6.08 6.006 6S BIO RE REFOLE C°C CIO OECTA cio RAR CR EET ear Pa Pa 8.7 9.6 8.1 7. 4 7.4 4), 
ee ee ool ea eae nes 50 = pms tonbie tates albany, scars 8.6 10. 1 Dal 8.0 7 pe 7.4 
PS Desi Cc OMS LCR RRR ORIG CRO ORD RENEE AC Roar aE an 10. 8 10. 4 10.0 3) 3 8. 6 Sal 
BC ODIONELL Werner. oi Sore Hes a eielie CERES antdg dos © aguas 6. 7 8. 0 8.0 ed 6.6 6.5 
DB EANGS2 Lapa ote teteracadead Rees sus crs iaye.s ees PUeINS ahs vio. waists als et 8.9 On 8.7 8.0 Tht 8.0 
PEAT Se ee I ECs ots | ovens TAG Tamsient o> Weert 8. 6 9.8 7.0 aod fees) st | 
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TABLE 4 


Region IIl—Past and Estimated Future Summer and Winter Peak Demands (Megawatts) 


PSA, region, 
and PSA groups 


Region lier 
1S7and 2) 0 sents 
22.and: 23 ees 


Region Iii eee 
1evand: 2 lericre cet 
PPS ENKAN VES alow tb 6.0 


1955 

Summer Winter 
1,091 Aug. IL WWAW 1 fer. 
7,063 July 8,314 Nov. 
3,453 Aug. 3,597 Dec. 
1.640 Aug. 1,547. Dec. 
1,757 Aug. 752) Dec: 
1,490 Sept. 13833 ~Dec. 
168395) SAU a GelOGeE Dec, 
4,544 Aug 4,768 Dec. 
3,397 Aug 35299) Dec: 

1970 

Summer Winter 

4, 770 4, 060 

14, 090 18, 050 

11, 460 11, 070 

6, 080 4, 970 

6, 320 5, 710 

8, 680 9, 100 

51, 400 52, 960 

16, 230 15, 130 

12, 400 10, 680 


Nores.—1955-65 actual; 1970-90 estimated. 


Summer 


1, 815 
8, 551 
4, 990 
2, 548 
2, 638 
3, 013 
23, 482 
6, 805 
5, 176 


July 
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Aug. 


Aug. 
Sept. 


1960 

Winter Summer 
1,801 Dec 2, OU SmEDeDL: 
10, 732 Dec 10,618 Aug. 
AO 2 mE 7,322 Aug 
2,250 Dec 3,896 Aug 
2052 leeDec 3,882 Aug. 
3, 651) Dec 5, 274 Sept. 
23,947 Dec 33,811 Aug. 
6,793 Dec 10,195 Aug 
4,771 Dec 7,778 Aug 

1980 

Winter Summer 

8, 340 21, 760 

33, 610 35, 850 

23, 180 53, 300 

10, 810 23, 970 

11, 340 25, 260 

21, 990 50, 260 

109, 270 210, 400 

Sil 20 75, 060 

22, 150 49, 230 


1965 


2, 620 
12, 804 
6, 945 
3, 030 
3, 560 
4, 958 
33, 431 
9, 565 
6, 590 


1990 


Winter 


Dec. 
Feb. 
Dec. 
Dec. 
Dec. 
Dec. 
Dec. 
Dec. 
Dec. 


Winter 


15, 780 
47, 010 
49, 360 
19, 950 
23, 460 
50, 090 
205, 650 
65, 140 
43, 410 


PSA and Region 


wee san ae oe 


Year 


1960 
1965 
1970 
1980 
1990 
1960 
1965 
1970 
1980 
1990 
1960 
1965 
1970 
1980 
1990 
1960 
1965 
1970 
1980 
1990 
1960 
1965 
1970 
1980 
1990 
1960 
1965 
1970 
1980 
1990 
1960 
1965 
1970 
1980 
1990 


TABLE 5 


Region Ii1—Monthly Peak Demands (Megawatts) 


Janu- 
ary 


1,547 
2, 335 
3, 864 
8, 266 

15, 558 
10, 002 
12, 345 
17, 671 
33, 610 
47,010 
4,610 
6, 484 
10, 199 
21, 122 
43, 173 
2, 041 
2, 803 
4, 560 
9, 705 
17, 978 
2, 310 
3,277 
5, 372 
10, 362 
21,471 
3, 266 
5, 116 
8, 736 
21, 139 
47, 998 
23,776 
32, 360 
50, 402 
104, 204 
193, 188 


Febru- 
ary 


1,492 
2, 360 
3, 816 
8, 098 
15, 232 
9, 983 
12, 804 
16,714 
31, 593 
43, 954 
4, 555 
6, 494 
9, 970 
20, 753 
42, 640 
2, 000 
2, 887 
4, 408 
9, 382 
17, 378 
2, 257 
3, 282 
5, 214 
10, 057 
20, 840 
3, 097 
4, 622 
8, 281 
20, 038 
45,737 
23, 384 
32, 449 
48, 403 
99, 921 
185, 781 


March 


1,470 
2, 213 
3, 625 
7, 931 
15, 014 
10, 065 
11, 808 
16, 046 
30, 417 
42, 262 
4, 596 
6, 306 
9, 741 
20, 262 
42, 107 
2, 036 
2,773 
4, 256 
9, 058 
16, 79 
2, 296 
3, 185 
5, 056 
9, 752 
20, 208 
2, 908 
4, 634 
7, 735 
19, 157 
43, 726 
23, 371 
30, 919 
46, 459 
96, 577 
180, 096 


April 


1, 488 
2, 105 
3, 482 
7,763 
14, 688 
8, 886 
10, 286 
14, 386 
27, 359 
37, 843 
4,391 
6, 114 
9, 512 
19, 894 
41, 574 
2, 029 
2, 846 
4, 378 
9, 317 
17, 258 
2, 176 
3, 020 
4, 993 
9, 630 
19, 955 
2,743 
4, 633 
7, 462 
18, 056 
41, 213 
21,713 
29, 004 
44, 213 
92, 019 
172, 531 


May 


1,443 
2, 602 
4, 054 
9, 271 
17, 843 
8, 672 
9, 680 
12, 978 
24,771 
34, 176 
4, 203 
6, 656 
9, 970 
21, 122 
45, 305 
2, 250 
3, 414 
5, 168 
10, 999 
20, 375 
2, 358 
3, 459 
5, 498 
10, 605 
21, 976 
2, 831 
4,615 
7, 690 
18, 497 
42, 218 
21,757 
30, 426 
45, 358 
95, 265 
181, 893 
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June 


1, 676 
2,711 
4, 579 
10, 723 
20, 890 
8, 390 
10, 098 
13, 754 
26, 216 
36, 151 
4, 822 
6, 890 
10, 887 
23, 823 
51, 701 
2, 487 
3, 617 
5, 776 
12, 293 
22, 772 
2, 543 
3, 619 
6, 004 
11, 581 
23, 997 
2, 820 
4, 664 
7,917 
19, 312 
44, 229 
22, 738 
18, 599 
48,917 
1038, 948 
199, 740 


July 


1, 658 
2, 684 
4,722 
11, 058 
21, 542 
8,411 
10, 185 
14, 602 
27, 896 
38, 689 
4, 860 
7, 064 
11, 116 
24, 314 
52, 767 
2, 548 
3, 780 
5, 898 
12, 552 
23, 251 
2, 620 
3, 715 
6, 194 
11, 946 
24, 755 
2, 948 
4, 909 
8, 145 
20, 214 
46, 239 
23, 045 
32, 337 
50, 677 
107, 980 
207, 243 


August Septem- October Novem- 
ber ber 


1,815 
2, 873 
4,770 
11,170 
21, 760 
8, 551 
10, 618 
14, 729 
28, 165 
39, 065 
4,990 
7, 322 
11, 460 
24, 560 
53, 300 
2, 538 
3, 896 
6, 080 
12, 940 
23, 970 
2, 638 
3, 882 
6, 320 
12, 190 
25, 260 
2, 950 
5, 220 
8, 345 
20, 985 
48, 551 
23, 482 
33, 811 
51, 704 
110, 010 
211, 906 


1,725 
2, 923 
4,579 
10, 723 
20, 890 
8,478 
10, 220 
14, 079 
26, 922 
37, 279 
4, 792 
7, 050 
10, 887 
23, 578 
51,701 
2, 508 
3, 762 
5, 837 
12, 422 
23, O11 
2, 576 
3, 707 
6, 067 
11, 702 
24, 250 
3, 013 
5, 274 
8, 680 
22, 020 
50, 260 
23, 092 
32, 936 
50, 129 
107, 367 

207, 391 


1, 609 
2, 350 
3, 578 
7, 897 
15, 232 
9, 032 
10, 830 
14, 639 
26, 854 
36, 527 
4, 624 
6, 590 
10, 429 
22, 595 
48, 503 
2, 135 
3, 118 
5, 046 
10, 740 
19, 895 
2, 343 
3, 337 
5, 435 
10, 483 
21, 724 
2, 995 
5, 123 
8, 008 
20, 258 
46, 239 
22, 738 
31, 348 
47, 135 
98, 827 
188, 120 


1, 695 
2, 547 
3, 768 
8, 154 
15, 558 
9, 682 
12, 260 
16, 426 
30, 249 
41, 463 
4, 699 
6, 898 
10, 887 
22, 841 
47,437 
2,116 
2, 976 
4, 864 
10, 299 
19, 176 
2, 289 
3, 509 
5, 625 
10, 849 
22, 481 
2, 966 
4, 685 
7, 735 
19, 488 
44, 480 
23, 447 
32, 875 
49, 305 
101, 880 
190, 595 


Decem- 
ber 


1,801 
2, 620 
4, 060 
8, 340 
15, 780 
10, 732 
12, 318 
18, 050 
33, 240 
45, 788 
4, 992 
6, 945 
11, 070 
23, 180 
49, 360 
2, 250 
3, 030 
4,970 
10, 810 
19, 950 
2, 521 
3, 560 
5, 710 
11, 340 
23, 460 
3, 651 
4, 958 
9, 100 
21, 990 
50, 090 
25, 947 
33, 431 
52, 960 
108, 900 
204, 428 


TABLE 6 
Region IIl—Monthly and Annual Energy Requirements (Gigawatt-Hours) 


PSA Septem- Novem- Decem- Annual 
and Year January February March April May June July August ber October ber ber energy 
region GWH 

1 fe 6 1960 761 723 782 706 733 782 823 903 785 775 765 842 9, 380 


1965 1,217 2» 1,112 54, 204 » 1,107 1,198 4p 4,288 09 1,378. 1, 440 1, 828g 1,223 293) 1, Se 
1970 1,970 1,786 1,853 1,744 1,856 2,027 2,229 2,265 2,043 1,946 1,951 2,120 23,790 
1980 4,726 4,284 4,358 4,094 4,364 5,036 5,524 5,610 5,076 4,582 4,679 5,087 57,420 
1990 9,345 8,465 8,442 7,917 8,454 10,304 11,276 11,447 10,384 8,888 9,253 10,065 114, 240 


20: Cie 5! aes 1960 5, 987 5, 794 6, 273 5, 188 5, 242 4, 982 5, 228 5, 355 5, 082 5, 368 5, 628 6, 393 66, 520 
1965 7, 108 6, 497 7, 053 5, 880 5, 986 6, 019 6, 380 6, 441 5, 975 6, 289 6, 428 7, 322 77, 378 
1970 9, 237 8, 357 8, 095 7, 244 7, 138 7, 496 8, 066 8, 212 7, 496 7, 515 8, 366 9, 498 96, 720 
1980 17,720 16,310 15,568 13,972 138,786 14,491 15,642 15,902 14,510 14,120 15,716 17, 813 185, 550 
1990 24,506 21,772 21,316 19,038 18,759 19,822 21,492 21,898 19,873 18,962 21,367 24,354 253,160 


91234. eee st060 2,312 2,204. 2,361 . 2,183 2,238 2,282 2,254 2477 2,284 2292 2,251 2,400 27,488 
1965 9,381. 3,119 $497. ..3,176°* 3.300: 3.4295 8.8224 3,778 3,855.) 3.472 73,461 3,650 aiar 
1970 5,586 5,047 5,353 5,074 5,406 5,559 5,726 6,085 5,659 5,593 65,553 5,859 66,500 
1980 12,038 10,860 11,320 10,716 11,434 12,282 12,641 13,431 12,498 11,851 11,952 12,627 148, 650 
1990 26,209 28,667 24,232 22,881 24,483 27,433 28,218 29,944 27,904 25,361 26,052 27,496 313, 880 


7 leg NE 1960 1, 063 903 1) O73 @ iw; O13 yur 4; 09454; 218 PH) 4,300 2 13228 4, 178 1, 08 eT, 028 le OO 13, 458 
1965 1,537 1/435 1,556: 1,528 1,746 1,898 2,017 2,061 1,870 1,624 1,553 1,636 20,391 
1970 2,606 © © 2,881) 9,372 4 2 8270) 2 668. 2,812 0) 8.088) 8, 192 © 2,832) 2 585 “2 67. 82, 73h eo 
1980 5,570 5,027 4,893 4,735 5,454 6,114 6,691 6,915 6,161 5,231 5,435 5,774 67,930 
1990 10,405 9,390 8679 8,502 9,847 11,750 12,841 13,246 11,852 9,441 10,151 10,786 126,890 


ee 1960 4120) 1,071 25146 “£046 © U0 1,160) 12829 = 1205 «101 ©. 2149 «98108 ~—s 8S ee 
1965 1,666 "1,848 © 1,672 1,551 1,729. 1,725 ~ 1,808 1,987.9 1,841 © 1,724 “93,721 1,889 /20@i6 
1970 2,823 2,588 2,628 2,474 27382 2908 3,104 3,236 2,948 2,762 2,766 2,976 33,890 
1980 5,556 5,001 4,948 4,650 5,160 5,808 6,185 6,450 5,881 5,213 5,444 5,854 66,150 
1990 11,671 10,513 9,935 9,328 10,376 12,373 13,145 13,710 12,511 10,500 11,437 ++12,291 +~—«:187, 790 


DY a a 1960 1,374 1,299 1,364 1,309 1,368 1,415 1,602 1,653 1,428 «1,415 1,882 1,484 16,848 
1965 2,178 1,990 2,231 2,298 2207 2412 25386 2,750 2,622 2361 2,171 £2,316 28,092 
1970 3,537 3,192 3,583. «3,482 = «3, 689 «Ss «4,210 «4,445 = «4,652 «4,445 2S 3,768 «= 3,399 © «3, 708 += «46, 060 
1980 8,432 7,566 8,733 8,594 9,125 10,950 11,805 12,232 11,817 9,310 8,086 8,860 115,510 
1990 17,897 15,957 19,267 18,957 «20,147. + -26,198 +~—-27,491 +~=«-28, 655 ~—s«27, 517 +—«- 20,560 =s«:17, 121 ~=Ss«18,853 =: 258, 620 


Tilo tae 1960 12,617 12,084 + 12,999 11,395 ~=—«:1, 785 +~=—«:11, 848 ~=-:12,389-=Ss «12,905 -~—s«11, 948 +~=«:12,085~=««:12,112—Ss«13,394 «147, B11 
1965 17,087 «15,701 +—«:17,143'~Ss«:15,470 ~—s:16,355 ~—«:16,662_-~—«17,721+=—«18, 457 ~=«s«17,191 + +=—«-16, 693 ~—«-16,557~—««18, 108 +203, 145 
1970 25,759 23,301 23,829 22,345 23,489 25,012 26,653 27,642 25,423 24,149 24,642 26,896 299, 140 
1980 54,042 49,048 49,750 46,761 49,323 54,681 58,488 60,540 55,943 50,307 ‘51,312 56,015 + —«636, 210 
1990 100,033 89,764 91,871 86,623 92,066 107,880 114,464 118,900 110,041 93,712 95,381 103,845 1, 204, 508 
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TABLE 7 


Region Ill—Estimated Peak Demands of Principal Load Centers? (Megawatts) 


Load center 1970 1980 1990 

Power Supply Area 18: 
FTCXANCLLA Swe Tage corti OTT eT ARRAS ore emo OT or eiaiesiateverote Ml sta Sia wns 1, 087 2, 545 4, 958 
Charlottesville ceetec Mee Ls 6 eure eT eee co Phra tr cen eich sic aocmcreeeeteue are aimee 502 Ih ares 2, 289 
T3aitel evsetey ove bol RWS wl oii yee, Ge ent ecg 6 ot pyomante orto caote cg PRORROIS OOIe O Ciera Gani y ee cin ee 1215 2, 845 5, 542 
PV OLIOIKSE LARD GON 0s a acc Rae De oe es cots naar edo 1 mew uk elo 3, 070 5, 980 
RET ASE DORON I aca aig oo lk, EEE, oi van ol aR aos. areca I DS Sk aco d NA O-sydadeaiey lato sath a 192 450 877 
AI bemiarle ger. cree rite eect rete orcin ree eee otal hte ao cuca See a eRe gH cate Srendbeuaarah. wis oats 463 1, 085 2,114 
otalelzoadaGentersia cent. cn suavecrtee cro ene boa ee le faieccket cose ane sestepais id esetnSre loans 4, 770 11, 170 21, 760 
PU OtAl (POWET SUDPIY ATCA, 2. tye Pees nes Pere zal Pe tiaid ae ho SES Gm Ba eRe a 4,770 11, 170 21, 760 

Power Supply Area 20: 
WiestePointe.«.7.« seeeris cg oct enc Etol ATED zecloter MePTOe Le wee, Geeete aes oon lar MOAR A oheiGRK Me one 404 752 1, 052 
TREE Ge oo IE Ait iolo th. 3 gr ran tie ees eta sc co Oa rear eee 357 665 930 
IMerip hsp mtnerratnrcnren tie erty ee coucanned aiecalete chap bicis withern overlaid Saraye ayela 6 1, 518 2, 827 3, 954 
INEGI epee tee ee, Fao ee TPR ik ae aioe CHR IE Ore oe ED lone Scio Re RN 429 799 1,118 
ACRE RCA VEL EG ALY te MnO: a0 se Meanie es 2 Seton's s MG a eb wwe ee oak Re ates 1, 600 2, 090 2,510 
PAOD SSVI Hee SON «On Ee why eee AoE MA as eGR TUNES on Ka a Raiders Se inna 449 836 1, 169 
Nash ville seraneaicr emery meet ctioncties ate ors oer Altra a ces suet ANAS, b woes rm BlonetMe ele @colons 1, 600 2,979 4, 167 
WoOlumpiaq\Vi CR bICASAlit were erprt een sere laches och TOR Stree che en sie hoses orate 1, 911 3, 558 4,977 
TMC AY ESTAR TN i eet eid co cpap set RARER Oia ul Atta ee ALM EGRET ea RRS acaSe GPE eR Noire Pets aa gr 293 546 764 
Rabat kA OO Ales keene fb cee sue ac foS6sc 4 Use we A wees bape ener ys AONOM Ol 3, 558 4,977 
Marea Peo OK VEC rect elects eum nie eli Talay (8.0 0, ARE areata edetadataareciaid «ibis, tte 3, 055 4,610 5, 950 
HO UISOLECALY <CPMGOW ey al Nese ic crea ste ee Aer anhe «eee EN < Eee aa es 823 Pyoe 2, 143 
NEVES ADE Tes 2 tes <n oN See aT ne SP ne 1, 242 25313 Sy250 
Fun tsVilleme weer ree Cees tat hie meee ee + ita Oc PA ae tesa weer eee hn OKs 1, 220 92. OM: 3, 178 
eliotalmmoaduGenterseee eter ie eee ieee Pere Gi RIS arse me A ne 16, 812 29, 337 40, 124 
Puotal Power SUDDIYsATea cc orm: a MERE on ME ss phe TRA anna ae's 18, 050 33, 610 47,010 

Power Supply Area 21: 
KGLECHSDOLO Se EN ee spore RT REDS cee SD SHG. 5 5D SLURNTES os ov ghotgerd e's 397 851 1, 847 
Bin ATIRECH st CANE ete een rte TEE ae pe Or ENS Wo frets Cae cua’ harsh ee bens wk cis eran e 413 885 1, 921 
ATES TRY 5 cath Sa Reels, 28 ba ho EE Ad inc a al A a ke SR era a 552 1, 183 2007, 
Chariotte-Gastonia seer va earn sian ae eo Pa EAP eile inca: SWE pattem istinione 1, 041 Va x3 | 4, 842 
ERIC KE Ve Sh EO a ik GAS CUR cee Son aie AE SY eds 4 RRR ON Cabreice es 385 825 1, 790 
Ruthertordton-Hendersonvillesan aie aera eee a oe eure Sree i 388 832 1, 806 
SELL C MMMM Ce Gee Nets oi Mice iM cartes, Oe nies WE eg oe Ok eo Te 346 742 1, 610 
SAE LATIUULS fot a EWM Meh ce oe GE nye nh maeeiah © RN Sc eS ERE ees 2-60 534 1, 144 2, 483 
CONCEETIILSS BRR co ea en CORR, 0 ee 2 a a, a 664 1, 423 3, 088 
LENTNGLCT SOLERO EEN MPR Rep ve aT, ONG. SSE ete ee ce Un a nea TORO amen so ae 355 761 1, 652 
PLANCASCE PER rr uM tie dik Any EA O Cas sew Pete ak oe ce at ee betes vs 365 782 1, 697 
Columbians set ae oS. ss este Ss Sena (SOS ees ee ee eee 273 585 1, 270 
VN AL ETLTA CONT es ree ee eee SN ANG er Bans gi gs elo ame nara OA Rete ie clale get ee TE STIS. a 463 992 Ys AGS 
UTATICSLON GE WAG onc RIE oer es ores Fd Tony FS RE EE Ae ae Oe ee NES 453 971 2, MOY! 
AVAERS LOU) Nene eee ee ee Ae oa tte os Sad aN ninneean wietuaa MNase ia se Vets nein Sia Cis tes 201 431 935 
JOT g EY Gon boc otras occyt iis AENE Fr Carace cach cme ee ot Oty CIEE CRT Cite CRO ae ROE kd Cacao ee te eae 223 478 1, 037 
ELL rie he ee ee Pree. Fete dete i cutee Mee. cto tals, Oe, eet on Taille wets 176 377 818 
Abele it cee een ete eee reetite Mr inte ceive ol tukes ats oe eae LS ato rns arate amsinaira 594 tet 2, 763 
BAY OLUG VILL © pera sacle ones etn ook as: 5 SreNe TEE a ace ove aad etre a ea Rams 8 aetna 625 1, 339 2, 906 
Plartsville- lOrence mers ricoh, 3.< Sahel Gas AER ca dns 23-<e Sele idadea dat 448 541 159 20ND 
ehotaluoad GCentersmmen tne circ care ncrerestes isco ouscai ca eccseess eeu 8, 989 19, 264 41, 807 
otal Lower supply Area sei te aires ae ie ka IR 3 + Medan ae ecinls.s 0b a 11, 460 24, 560 53, 300 
See footnotes at end of table. ae aS a a FEN 
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TABLE 7—Continued 


Region III—Estimated Peak Demands of Principal Load Centers ' (Megawatts)—Continued 


Load center 1970 1980 1990 
Power Supply Area 22: 
Gulfport ti! )52) BRC Oh. cy A os ag es se Cee ie araks er eT ae 480 1, 022 1, 893 
Mobiles fags Seer Ps Poise < 2 bee thes oR ee oe Denote Meee ee Scat a seas 842 1792 3, 319 
Opp these Tr shee oe a mee el le Sat oro haeate cals cko ae Re ie eictearistcte ocr hae emer 200 426 789 
EfattiesbuxgsLawrel Qin. cco chats. toed Sita ica Veena mM a cet one cr aaron alee 335 713 1, 321 
Meridian sata: ce tence vic oie a sear eae ie IOP ee eo caer tee 155 330 611 
Pensacola sisess nhl e Oy ess ao DOP oe he Ee AO ee a ee 432 919 1, 702 
Panama Gity So. nc toon it 3% > ce ei Heeirnsa A ee ee A tee aici te eee: 297 632 Ihe il) 
Birming hari ie mises cP cote chases Seie pis boa, ouPeeases. | SP a seh ae ie, ena a heeds 1, 102 2, 345 4, 344 
Gadsden@Anniston 2t2-8.. hr weet o ee alates OR ee on ee ees 422 898 1, 663 
Falladéga-Auburns oo Wega Fe soe ook es te ae ae se ee tees eae te ee 280 596 1, 104 
Bunfaula re osc hte cae ou ee Siti ad oo ah te like a eT tee ee 199 424 785 
Montgomety 2s;.2c Ns ame bans anes oxime aes aoe eee ca acco te ect men 328 698 1, 293 
Puscaloosad inca he Sis ony eh ee ees Oe eee 185 394 730 
Totaload Genters 30.1304 > tec ieee ee aoe ee ce eee re Sy, 2S7/ 11, 189 20, 725 
J otal Power: SupplytArea ?. wah: 0) Sees .9 2 aoe he ie eee Sees eee ae 6, 080 12, 940 23, 970 
Power Supply Area 23: 
Dalton-Romes ice ees cr tate Pik chu ea Ge ie. eee Ee Oe ee ee 463 893 1, 850 
Atlan tas Bt Ret roa. .cis ety diauiero/b nimur fdas anit « wlaksichals «ais A Sar csi oe eee ee 1, 803 3, 478 7, 207 
Macontiy ths sisi. gates tins . Oop Dae ees \s oth Sie Skene Aa meena einer tc cat euneae 503 970 2,010 
Tifton FS See BRA ce. Bio ec Beas. AE be A 328 633 1, 312 
Brunswitk= Waycross pn 26, rnd ters So eee Can ope ee ee ee eee 200 386 800 
Savanna hes fe av HOM abies fayseateie aye pian wales Rens ac, aig sess ae ee eee ee ee 289 557 1, 154 
Colum bus ntatesas cn ete eral, ite he ls WS ARR aco hs et 280 540 Vr9 
Augustaeee: BBs: . Peewee. ies. Je Oe dc Bs SP ee eee ee 500 964 1, 998 
‘Total Load’ Centers 2am |. cmas ai ass Ginn Soe eee 4, 366 8, 421 17, 450 
Total ‘Power: SupplyArea"? wages 5, Sage A tae coe eee eee eee 6, 320 12, 190 25, 260 
Power Supply Area 24: 
Jacksonvilless pia.eeer se SOR et se Re ee eee 814 1, 970 4, 496 
Ocala y AMES tira 5 DESEO. P prraiile eines one IRR ised oe i eee ee 294 711 1, 623 
Orlandogee 2.2355 BRE cats ce cess est ee ee cee ee ee ne 938 2, 270 5, 181 
Ganaveraly.. «2/2 BERS. ote ue ee en ee ee ee ee 512 1, 239 2, 828 
Bartow or sisi 5) Ee ek gwd a in Sea oe ee ee 816 1, 975 4, 508 
HM. Petersburg-Tampa tun. Sorn. 2 o otte eae ee eee Rn ee 1, 680 4, 065 9, 278 
Sarasota Ree ok sc. Si Bee: cae ike ciple eee es See aye 342 828 1, 890 
Riviera s 583 oii 6 BER cals 528 + ae Roeteis o-e Ae  e  e 533 1, 290 2, 944 
Eeauderdahes co. seine aes Sterna ay aie wo See 45 A, ne a 786 1, 902 4, 34] 
Minnis inca so os eG tes akties hae ates Pye ats, an eee 5 ee ae 2, 102 3, 086 11, 609 
Total Hoad Centegsii. SE 0 0a or ee coer ae eats meas tae tae cee 38.817 221; 336 2 48, 698 
Total. Power SupplytArea tac c0 anaes cf oe atc ee ee ee $9,100 722,020... 2.505260 
Region III: 
Fotal Load: Centers #43 cies vai caste OE cia ae te ae ee 49,011 100, 717 190, 564 
Potal Regtory jee: ceive oe ui ce ee cen 0 See ee eee ete ee ee 55,780 116, 490 221, 560 
‘Based on allocation of estimated coincidental power 3 Winter peak. 
supply area peaks. 4 Non-coincident. 
? Summer peak. 5 Non-coincident. Sum of power supply area peaks shown. 
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TABLE 8 


Region Iil—Distribution of Electric Energy by Class of Use (Gigawatt-Hours) 


Farm 
PSA excluding 
and irrigation 
region and 

drainage 

pumping 
LOS a 282 
Yi. Sete 2 ee 1, 209 
PP Ness 9 es eS 988 
Dy Aes fe SR ee 393 
D5 RAL tee a ee 519 
D2 ack CO Renee 127 
Region III____.._- 3, 518 
a a ee 339 
20 Serene pee a Se 1, 623 
Pll te am 1, 050 
Pa late ke ee ee 455 
PA Nop pa Ie 569 
97 Vie eg ee a 152 
Region III____-.__ 4, 188 

1 
[ee et ee 457 
a ee oe ee 2, 396 
jie eee 1,378 
Py SS Ee 695 
vA Ye oe ee 764 
U7 seins Bee Ses Se 205 
Region IIT. _____- 5, 895 
18 Sere ede 560 
Dl) Ree ee ee eS 3, 410 
OF Vo a nl 1, 900 
1 Nis ai par Oe 790 
74S ee a ee 850 
7 Na pt pee alt Ea 280 
Region IIT___.___-. 7, 790 
UL See ee 670 
eee eee ee 4, 350 
1 ae es 2, 450 
ya a 960 
i Laas ee 970 
77 ei ee ee 365 
Region IIT_______- 9, 765 
1 

20 ee ee ee 780 
(Be ear 5, 320 
2 be pee 3, 050 
Lhasa Al nam 1,110 
Zs SNS 2 Sila 1, 090 
77 5 a ee 450 
Region III__.....- 11, 800 
ie eae 890 
Papp Ss ies Sa ea 6, 330 
Abn a 3, 810 
0 oP BN ee 1, 280 
Bee 1, 220 
0 es ee a 550 
Region IIT_._.._._ 14, 080 


Irrigation 

and Nonfarm- 
drainage residential 
pumping 


See footnote at end of table. 


Commer- 
cial 


1, 558 
1, 844 
2, 363 
1, 326 
1, 638 
2, 135 

10, 864 


2, 500 
3, 112 
3, 735 
2, 139 
2, 676 
4, 290 

18, 452 


4, 263 
3, 673 
6, 265 
3, 273 
4, 461 
7, 091 

29, 026 


6, 679 
5, 530 
10, 460 
4, 880 
6, 850 
12, 440 
46, 839 


10, 858 
8, 280 
16, 200 
7, 730 
9, 680 
23, 050 
75, 798 


17, 298 
12, 000 
24, 390 
11, 340 
15, 050 
39, 900 

119, 978 


26, 238 
14, 690 
37, 760 
16, 940 
23, 070 
66, 510 
185, 208 


Street and Electrified 


Industrial highway transpor- 
lighting tation 
1955 Actual 
1, 250 3S host wee oes 
40, 592 109 Se see eee 
9, 339 98 2 
4, 003 51 21 
3, 223 95 57 
1, 854 Yh ge Se 
60, 261 470 80 
1960 Actual 
2, 074 6 ie aeeee ues 
46, 722 184 4 
11, 709 146, soeeeceec ee 
5, 860 (i ee 
4, 816 139 43 
3, 622 145 10 
74, 803 749 57 
1965 Actual 
3, 225 OG vasese ose eee 
49, 896 O08 a2e eee 
17, 478 214 Soe ee 
8, 975 122 See cawaeeus 
7,118 PS ee ee 
5, 767 7.) et he 
92, 459 0 DO ff tree nn 3 eee ees 
1970 
5, 060 AGO tere a nee ee 
56, 730 500 ee ee 
29, 160 300 ease en seers 
14, 590 200 eset eee eee 
13, 450 310 eee eeetc 
9, 190 340 eee ae 
128, 180 2, O10 eee eeens & 
1975 
8, 210 240 Ge eee es 
83, 780 GA0 ss cect o. cae 
44, 880 40 ew 
21, 200 300 eee 
15, 470 490 pa eee 
16, 240 4905 eo eee 
189, 780 2, 900. See 
1980 
13, 080 BAN) 5s eee 
119, 990 1140 pees ee oe 
67, 790 TSU we seen oo 
31, 090 Pl es ee 
24, 020 660 a oes sce 
27, 920 (OO VE sata es we 
283, 890 7 a FT a ope 
1985 
19, 830 30 Feet sees 
142, 330 LO (Ohesee cee a cor 
104, 050 1140 eee eee 
46, 440 620 eeeeea cee 
37, 000 960) CAA Sekiecsc 
45, 450 1000 ;ceee ocdcaues 
395, 100 §, 620/28 3e ~ o-oo 
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All 
other 


360 


Total 
ultimate 
consump- 

tion 


13, 604 
72, 656 
37, 596 
18, 444 
18, 815 
25, 669 
186, 784 


21, 650 
90, 060 
60, 530 
29, 280 
30, 830 
41, 920 
274, 270 


34, 380 
126, 550 
90, 300 
43, 280 
40, 840 
67, 500 
402, 850 


52, 250 
172, 800 
130, 700 

61, 820 

60, 200 
105, 110 
582, 880 


75, 380 
208, 520 
190, 500 

88, 130 

87, 470 
159, 050 
804, 050 


Losses 


Energy 
for 
load 


57, 420 
185, 550 
143, 650 

67, 930 

66, 150 
115, 510 
636, 210 


82, 830 
218, 760 
209, 320 

96, 850 

96, 120 
174, 780 
878, 660 


TABLE 8—Continued 


Regional II|—Distribution of Electric Energy by Class of Use (Gigawatt-Hours)—Continued 


Farm 
PSA excluding Irrigation Streetand Electrified Total Energy 
and irrigation and Nonfarm- Commer- Industrial highway  transpor- All ultimate Losses for 
region and drainage residential cial lighting tation other consump- lead 
drainage pumping tion 
pumping 
1990 
1S52 3 tone e 1, 000 2 25, 040 37, 378 28, 310 WoO pone ee 11, 500 103, 960 10, 280 114, 240 
20 2 so ee = SS (apd) Sate Sete as 39, 400 17, 720 166, 560 15610) ean eee 2, 850 235, 340 17, 820 253, 160 
7 oe, oe Re ee AS S60 Fc s = eee 44, 700 59, 450 165, 170 T5710) 522. eee 9, 710 285, 600 28, 280 313, 880 
7H Ae ea ae ae 1460 eee Es 26, 000 22, 970 62, 920 S00Fs 22 ee 1, 330 115, 470 11, 420 126, 890 
23h 2 eee BB90 2 a eee oe 30, 040 35, 120 56, 060 15400522 Ss ee 1, 380 125, 390 12, 400 137, 790 
Dh rsa Aree 660 50 45, 800 106, 700 70, 880 15250 2a oe ee 10, 000 235, 340 23, 280 258, 620 
Region Ties = 16, 560 52 210, 980 279, 338 549, 900 US DOO Ree ae Be 36,770 1,101, 100 103, 480 1, 204, 580 


1 Includes chemical operations at Wilson Dam. 
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SOUTHEAST REGIONAL ADVISORY COMMITTEE 
REGION IIL 
AREAS OF LOAD CONCENTRATION 


\\ 


| 


WS LYN 


ALABAMA 


DEMAND IN GIGAWATTS 


SOUTHEAST REGIONAL ADVISORY COMMITTEE 
COORDINATED STUDY AREA FOR THE 
SOUTHERN COMPANY SYSTEM 


PERRRGEigamecdanee) 
PERE EEE Drea 
BSHVEBHSGHSAUSOUEOLIIE 
GUATATAMUMONATOBAREU 
PLT Te | 
oT ET feteeel LT 
+4 | 
ee naRessc--- = 
Mat aHLEGEE 


PSA 22 PSA 23 PSA 22&23 
COINCIDENT PEAK MW 3,493 3,474* 
ae ENERGY GWH 68 65 
LOAD FACTOR % 81.1 78.0 


ies *PEAK FOR WEEK 


2 | 2 3 48:5 %6 7 8.9.10 Hi 12) | 2inS..4 65) Gi Gee Seer 
AM PM 
DAILY LOAD CURVE FOR FRIDAY, AUGUST 6, 1965 


Figure 3 


II-3-18 


DEMAND IN GIGAWATTS 


SOUTHEAST REGIONAL ADVISORY COMMITTEE 
COORDINATED STUDY AREA FOR THE 
SOUTHERN COMPANY SYSTEM 


pe rsazears | | [LL ne 


eee a ||| 
THREE 

ene pace 
CLE EERE ETH 
ee PLT 
bail a 

pees pee eee ee 


mo Alice uuroAreo seroAsee & 235 


COINCIDENT PEAK MW 2,924" 3,487* 6,411* 
ENERGY GWH 57 66 


LOAD FACTOR e/a 81.2 78.9 
* PEAK FOR WEEK 


(Zen Came a) MORE Vem Oe SemlOml 2.) elmo, SarOl a7 18, 97 10 1 12 
AM PM 
DAILY LOAD CURVE FOR TUESDAY, DECEMBER /7,1965 


Figure 4 
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SOUTHEAST REGIONAL ADVISORY CO 
COORDINATED STUDY AREA FOR THE SOUTHERN 


abe Morya file Rhea Spr pein leet Fo CN Sammy: 
50 
100 


PERCENT OF TIME 
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MMITTEE 
COMPANY SYSTEM 


CHAPTER Iil 
PATTERNS OF GENERATION AND TRANSMISSION 1970-90 


General 


The FPC Southeast Regional Advisory Commit- 
tee has surveyed the plans of 25 utilities located 
within Region III for expansion of generation and 
transmission by periods, these additions being 
grouped by the years 1968 to 1970, inclusive; 1971 
to 1975; 1976 to 1980; 1981 to 1985; and 1986 to 
1990. In addition to plans for generation and trans- 
mission, the Committee has surveyed the status of 
and plans for coordination of bulk power supply 
facilities among the utilities, including current and 
future utilization of load diversity, as a means of 
reducing generating capacity requirements. 

In this chapter, the Committee has made use of 
information collected for Chapter II, Future Power 
Requirements; Chapter V, Appraisal of Undevel- 
oped Hydroelectric Potential in the Southeast; and 
the Report on Fuel Resources, Requirements and 
Costs For Electric Generation In Eastern United 
States which is summarized for the Southeast in 
Chapter VI. 

In general, the patterns of generation and trans- 
mission are those developed by each of the major 
coordination areas within the region. These patterns 
generally have taken into account existing power 
contracts both within and between the areas. Beyond 
1975 the patterns must be considered tentative. 


Expansion of Generating Capacity 


Plans for the addition of generating units by time 
periods were reported by each utility. Maps, Figures 
6, 7, and 8, show the location of electric generating 
stations, existing or projected, with a capacity of 
500 megawatts or more for 1970, 1980, and 1990, 
respectively. Generating station names and peak 
hour capabilities are included in the “Plant List” 
on each map. The type, kind, and size of units are 
deemed appropriate to meet the peak hour and 
energy loads detailed in Chapter II, Estimated Fu- 


ture Power Requirements. These loads are sum- 
marized below for ready reference: 


Energy Summer Winter 
Year (GWH) peak peak 

(MW) (MW) 
1970 366, 5 oc 299, 140 51, 400 52, 960 
197 Seat SEs 439, 520 75, 380 76, 690 
1980 od. < Secivhs Oras 636, 210 109, 140 109, 270 
OBS ee pats 878, 660 152, 230 150, 360 
POO ieee cates 1, 204, 580 210, 400 205, 650 


For the Region, the generating capacity additions 
contemplated to serve the foregoing loads are sum- 
marized as shown: 

Added Capacity 


Period (MW) 
| eb, Thatta Ab hate aibegs dalpeaplciny k mpaapha peg es 13,027 
ew RES fee hp DS a Se i na le 31, 451 
TOG OO one eee eee 37, 580 
IO PO e ee ee ee 49, 429 
LODO HOU Ee esheets dee 62, 041 


Types of Generating Capacity 


Details of available hydroelectric generating re- 
sources are covered in Chapter V, Appraisal of 
Undeveloped Hydroelectric Potential in the South- 
east. In the foregoing table, the conventional hydro 
capacity additions forecast by the utilities amount 
to 2,198 megawatts by 1990, compared to a total 
of 4,614 megawatts for plants rated 100 megawatts 
or larger as identified in the Appraisal. (Including 
capacity of plants rated 50 megawatts or more, the 
Appraisal identified a possible total of 6,970 mega- 
watts.) In addition, the systems are planning to 
install about 8,500 megawatts of pumped-storage 
hydro capacity for peaking purposes. Nuclear power 
is expected to account for 38 to 50 percent of the 
generating capacity additions through 1980, and 
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36 to 59 percent by 1990." It is noted that 16,000 to 
18,000 megawatts of nuclear capacity have already 
been committed for operation through the year 
1975. 

Fossil-fired steam plants are expected to account 
for 42 to 31 percent of the added generating capac- 
ity through 1980, and 35 to 21 percent through 
1990.* Power system annual load factors may be 
expected to range from 50 to 70 percent. In view 
of the relative operating costs of nuclear and fossil- 
fired steam-electric generating units, the former are 
primarily suitable for base load operation at capac- 
ity factors higher than system load factors. Also, 
generating capacity capable of operating economi- 
cally at capacity factors somewhat below system load 
factors will be needed. 


Unit Sizes 


There is considerable variation in the size of 
generating units expected to be installed in the 
Southeast because differing load and area character- 
istics require different approaches by the utilities to 
achieve the lowest over-all cost consistent with a 
high degree of reliability. In many instances, coordi- 
nation among adjacent utilities has resulted in the 
installation of larger generating units than would 
otherwise have been appropriate. Generating units 
planned for the CARVA Pool are an example. 
This practice can be expected to continue and to 
become even more widespread when economic bene- 
fits can be demonstrated. In this respect, an im- 
portant consideration is the reliability of very 
large-sized generating units, especially during their 
early years of life. In the United States, experience 
so far indicates that the forced-outage rates of many 
large units have not declined with age or design 
maturity as rapidly as had been expected. This has 
required generating reserves to be maintained at a 
level somewhat higher than would have otherwise 
been necessary. In spite of this disadvantage, many 
large units have been installed to take advantage 
of lower unit investment and operating costs, and 
units as large as 1,275 megawatts are on order for 
Region III. The maximum and average sizes of 
fossil-fired and nuclear turbo-generating unit addi- 
tions for the various time periods are as follows: 


* A substantial number of future capacity additions were 
reported as “undecided” between fossil and nuclear units. 
The first figure is based on all “undecided” units being 
fossil and the second figure on all such units being nuclear. 


Fossil unit Nuclear unit 
Period | size—MW size—MW 
Maximum Average Maximum Average 
1968-70.... 1, 130 447 1, 065 842 
io) a Le ee 515 1, 200 874 
1976-80.... 1, 200 615 1, 200 948 
1981-85.... 1, 250 698 2, 000 1, 076 
1986-90.... 1, 500 744 2, 000 1, 181 


Peaking Capacity 


Generation for peaking capacity is expected to 
come largely from hydroelectric installations, and 
especially from pumped-storage plants. Except for 
Florida, the terrain of much of the Region is gen- 
erally suitable for hydro and pumped-storage 
installations. Nevertheless, a total of 993 megawatts 
of thermal peaking capacity is predicted by 1990, 
of which 490 megawatts will be located in Florida. 
Part of the motivation for such installations is the 
quick starting and “black start’ capabilities of 
combustion turbines. 

As discussed later, there may be a decrease in 
the need for energy-limited peaking capacity because 
it appears that summer peak loads will be controlling 
for Region III. These “peaks” extend with little 
reduction over some 6 to 12 hours per day. Because 
of the relatively high load factor operation required 
of peaking capacity under these summer load con- 
ditions, conventional hydro installations become in- 
creasingly less attractive and in many instances will 
be uneconomical when compared with thermal or 
pumped-storage peaking capacity. 

Because of the short hours’ use of hydro peaking 
capacity, the cost of transmitting such peaking 
capacity substantial distances is very great. This 
limits the effective radius of usefulness of a hydro 
peaking installation,.and in many cases will make 
thermal peaking capacity more attractive. 


Environmental Consideration 


Utility Managements of the Southeast Region are 
deeply committed to making their power facilities 
compatible with the environmental quality needed 
for public health and enoyment. In connection with 
power generation, considerable attention is being — 
given to air pollution and thermal effects on cooling 
water, as well as aesthetics, through studies and 
research, and by actual construction of costly facili- 
ties, the only purpose of which is to alleviate unde- 
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sirable environmental effects. These include high 
efficiency electrostatic precipitators on new and old 
units, trial installations of sulphurdioxide removal 
systems on coal-fired boilers, construction of tall 
stacks, cooling towers, skimmer walls, cooling 
ponds, and other things. Active research is under 
way to determine the biological effects of warm 
water discharges on the ecology of various types of 
water bodies, as well as to determine and verify the 
mechanics of heat exchange to the environment and 
thereby aid in finding the ultimate generation poten- 
tial of new power station sites. 

Today, many Southeast utilities have a full-time 
environmental staff, the sole responsibility of which 
is to determine the compatibility of new facilities 
with their surroundings and evaluate the effects of 
existing facilities and determine what can be done 
to make them more compatible. 

The concern of the general public for preserva- 
tion of the quality of natural resources and environ- 
ment is shared by the Southeast utilities. There is, 
however, much to be learned about such things as 
the effects of stack emissions on health and the 
effects of temperature change on the total ecology of 
our water bodies. The temperature change actually 
may be beneficial to marine life and recreation. The 
temperature effects in the Southeast Region will 
not necessarily be the same as those in other regions 
of the United States. There is concern that legislat- 
ing excessively restrictive limits on stack emissions 
or condenser water temperature, based in part on 
emotions and on less than adequately demonstrated 
scientific or engineering facts, may result in un- 
warranted expenditures and may not be in the over- 
all public interest. Further, such legislation could 
result in taking the wrong road in efforts to handle 
the problems of the future on a “crash” basis. For 
example, installation of large cooling towers may 
create problems from consumptive use of water, 
ground fogs, or general aesthetic objections. 

Emphasis is on controlling within reasonable 
limits the effluents from facilities to make these 
facilities as compatible with the environment as 
possible within the limits of presently available tech- 
nology—meanwhile putting forth vigorous research 
effort to obtain the facts on what is really required. 
Further research on an accelerated basis is needed 
and is being planned by the Southeast utilities. If 
the facts indicate the requirement for more stringent 
limits on effluents, they will be met insofar as is tech- 
nically and economically feasible. 


The rapid load growth expected in the Southeast 
makes it imperative that early solutions be found 
to the problems of best use of environment and 
natural resources for power production, while pro- 
tecting them for public health and enjoyment. 


Seasonal Diversities as Capacity Sources 


Diversities of all types, and especially seasonal 
diversity, have been explored in the Southeast for 
the last decade. Random diversity has been shown 
to be undependable, but certain seasonal diversities 
have been found valuable. In 1962 two arrange- 
ments were formalized, one between Florida Power 
Corporation and the Southern system for a seasonal 
exchange of 100 megawatts, and the other between 
Tennessee Valley Authority and the South Central 
Electric Companies (Region V) for a seasonal ex- 
change of 1,500 megawatts. Subsequent formal 
seasonal exchanges include 100 megawatts between 
Duke and Southern, and up to 300 megawatts 
between TVA and Southern. 

One misconception of seasonal diversity exchange 
is that its potential is to be measured by taking the 
sum of the individual peaks whenever they occur 
and subtracting therefrom the summation of the 
winter peaks or the summer peaks, whichever is 
greater. 

The existence of a substantial amount of hydro 
capacity in the Southeast must be carefully con- 
sidered in any analysis of usable, seasonal load 
diversity. In many installations this capacity has 
been sized to offset the seasonal variation in the 
owning company’s load. In other installations en- 
ergy limitations may require that the capacity be 
reduced when dedicated to the load shape of a 
neighboring company. An equally important factor 
is the requirement that reserves be maintained at a 
level adequate for performing necessary mainte- 
nance. In this connection, means have been devel- 
oped for estimating the type and amount of seasonal 
exchange capacity which a system may have avail- 
able for exchange with others provided the opposite 
exchange is also available. These are illustrated in 
Appendix A. 

While the 1964 National Power Survey predicted 
rather enormous seasonal capacity exchanges asso- 
ciated with Florida, developments in recent years 
have shown that the present small amount of winter 
peaking load which could be used as an offset to a 
system with a summer peaking load is actually de- 
creasing, and beyond 1970 there will be no sub- 
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stantial amounts of seasonal capacity which could 
be exchanged outside of Florida. Actually, most of 
the entities in Florida will have either an approxi- 
mate balance between summer and winter peaks, or 
will have summer peaking characteristics. 

Examination of Appendix A shows that the prin- 
cipal opportunities for additional seasonal exchange 
in the Southeast in later years will be between the 
winter peaking TVA system and summer peaking 
systems. 

Although a substantial portion of Region III op- 
erates on Eastern time and the remainder on Cen- 
tral time, there is relatively little “time-zone 
diversity” which can be utilized on a reliable basis. 
Weather extremes, which make loads unusually 
high, are likely to be spread across the entire Region 
and effectively cancel any “time-zone” or random 
diversity which might otherwise appear to be 
available. 

Appendix A includes detailed analyses of seasonal 
exchange potential of CARVA, peninsular Florida, 
Southern, and TVA, and these together represent 
the bulk of any exchange potential. It will be noted 
that maintenance requirements preclude seasonal 
exchanges of peninsular Florida or CARVA for the 
entire time period considered. This means that op- 
portunities for seasonal exchange not already im- 
plemented or scheduled consist of possible summer 
capacity from TVA of some 193 megawatts in the 
1980-81 period, some 580 megawatts in the 1985- 
86 period, and about 1,000 megawatts in the 1990- 
91 period. Comparison of these with the analysis of 
the Southern System which would have some small 
excess of winter capacity shows that further ex- 
change of something under 200 megawatts may be 
feasible in 1980, perhaps some 200 megawatts in 
1985, and some 300 megawatts in 1990. On this 
basis, some 700 megawatts summer capacity might 
be available in 1990. These amounts in the earlier 
years are so small and the conditions for the later 
years so uncertain that little, if any, transmission for 
seasonal exchange purposes alone can be justified. 


Transmission Patterns 


Much of the existing transmission in Region III 
is at 115 kilovolts, with a substantial block of 161- 
kilovolt lines in TVA and nearby Southern System 
connections: Substantial amounts of 230-kilovolt 
transmission have been built in most sections except 
in TVA’s 161-kilovolt and 500-kilovolt areas. There 
are two notable installations of 500-kilovolt trans- 


mission, one designed, among other things, to ac- 
complish seasonal diversity exchange between TVA 
and the South Central Electric Companies. The 
other is the 500-kilovolt transmission system from 
Virginia Electric and Power Company’s mine- 
mouth Mt. Storm Plant. Short sections of 500-kilo- 
volt line are being built in North Georgia. In 
addition, Duke Power Company, Carolina Power & 
Light Company, Virginia Electric and Power Com- 
pany, and TVA plan extensive 500-kilovolt overlays 
of their existing transmission systems. 

Within Region III opportunities for mine-mouth 
steam-electric generating stations are limited. Mt. 
Storm and some areas in western Kentucky offer 
such opportunity. In contrast, coal mining in Ala- 
bama involves thin seams so that there may be only 
a moderate cost difference between locally mined 
coal and Kentucky coal shipped by unit train. 

The capability of a single 230-kilovolt line is 
about 300 to 500 megawatts, depending on the 
length of line, type, size, and configuration of con- 
ductor. A typical 500-kilovolt line has a capacity of 
1,500 to 2,000 megawatts, depending upon the same 
limiting factors. Therefore, the selection of trans- 
mission voltage will hinge largely on the size of 
generating units and plants. Because steam-plant 
sites are reasonably plentiful in certain areas of Re- 
gion III, plants can be located relatively close to 
major load centers. This factor currently tends to 
favor 230-kilovolt transmission as being more eco- 
nomical than 500 kilovolts in those areas. In other 
areas, conditions are substantially different. Load 
and population density, higher fossil-fuel costs, and 
a relatively poorer inventory of steam-plant sites 
have indicated the development of large plants and 
large unit sizes. For the entire Region substantial 
amounts of 500-kilovolt transmission are forecast, 
amounting to 4,150 miles by 1980 and 9,019 miles 
by 1990. The maps, Figures 6, 7, and 8, show the 
general location of future high-voltage lines fore- 
cast for 1970, 1980, and 1990, respectively. The 
existence of transmission voltages higher than 500 
kilovolts is recognized, and interest is maintained 
in current developments at 765 kilovolts. It is of 
historical significance and interest that the use of 
500 kilovolts in this country had its beginning in 
this Region. Even with the present rate of load 
growth, one could expect that, because of the fac- 
tors noted above, i.e., relatively intermediate dis- 
tances between load and generation, the 500- 
kilovolt system is expected to suffice through the 
1980’s. The Region will continue to show interest 
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PLANT LIST 
1970 
Plant Name Net Peak Hour Plant Name Net Peak Hour 
and Symbol 5 and Symbol fapability 
Alabaoa Mississippi 
A Wilson 620 A J, Wateon 71 
B Colbert 1,282 
C Widows Creek 1,871 North Carolina 
D Browns Ferry 1,065 
— Barry 892 A Roxboro 1,069 
FP Gorgas 70% B Riverbend 665 
G Gaston 1,024 € Allen 1,183 
H Greene County 554 D Marshall 2,136 
Florida Sputh'Carolios’ 
A Crist 577 A Robinson 882 
B Crystal River 897 
© Turkey Point 822 Tennessee 
D 1,241 
zg 694 A Allea 930 
F Cape Kennedy 822 B Bull Run 950 
G Fort Myers 556 C Gallatin 1,208 
H Gannon 1,373 D John Sevier 840 
I Jacksonville 4670 £ Johnsonville 1,432 
P Kingston 1,726 
Georgia 
Virginia 
A Harllee Branch 1,583 
B Hamond 823 A Chesterfield 1,397 
© McDonough Su B Portsmouth 788 
D Yates 624 C Possum Point 566 
Kentucky West Virginia 
A Paradise 2,560 A Me, Storm 1,124 
B Shawnee 1,624 


stantial amounts of seasonal capacity which could 
be exchanged outside of Florida. Actually, most of 
the entities in Florida will have either an approxi- 
mate balance between summer and winter peaks, or 
will have summer peaking characteristics. 

Examination of Appendix A shows that the prin- 
cipal opportunities for additional seasonal exchange 
in the Southeast in later years will be between the 
winter peaking TVA system and summer peaking 
systems. 

Although a substantial portion of Region III op- 
erates on Eastern time and the remainder on Cen- 
tral time, there is relatively little “time-zone 
diversity” which can be utilized on a reliable basis. 
Weather extremes, which make loads unusually 
high, are likely to be spread across the entire Region 
and effectively cancel any “time-zone” or random 
diversity which might otherwise appear to be 
available. 

Appendix A includes detailed analyses of seasonal 
exchange potential of CARVA, peninsular Florida, 
Southern, and TVA, and these together represent 
the bulk of any exchange potential. It will be noted 
that maintenance requirements preclude seasonal 
exchanges of peninsular Florida or CARVA for the 
entire time period considered. This means that op- 
portunities for seasonal exchange not already im- 
plemented or scheduled consist of possible summer 
capacity from TVA of some 193 megawatts in the 
1980-81 period, some 580 megawatts in the 1985-- 
86 period, and about 1,000 megawatts in the 1990- 
91 period. Comparison of these with the analysis of 
the Southern System which would have some small 
excess of winter capacity shows that further ex- 
change of something under 200 megawatts may be 
feasible in 1980, perhaps some 200 megawatts in 
1985, and some 300 megawatts in 1990. On this 
basis, some 700 megawatts summer capacity might 
be available in 1990. These amounts in the earlier 
years are so small and the conditions for the later 
years so uncertain that little, if any, transmission for 
seasonal exchange purposes alone can be justified. 


Transmission Patterns 


Much of the existing transmission in Region IIT 
is at 115 kilovolts, with a substantial block of 161- 
kilovolt lines in TVA and nearby Southern System 
connections: Substantial amounts of 230-kilovolt 
transmission have been built in most sections except 
in TVA’s 161-kilovolt and 500-kilovolt areas. There 
are two notable installations of 500-kilovolt trans- 


mission, one designed, among other things, to ac- 
complish seasonal diversity exchange between TVA 
and the South Central Electric Companies. The 
other is the 500-kilovolt transmission system from 
Virginia Electric and Power Company’s mine- 
mouth Mt. Storm Plant. Short sections of 500-kilo- 
volt line are being built in North Georgia. In 
addition, Duke Power Company, Carolina Power & 
Light Company, Virginia Electric and Power Gom- 
pany, and TVA plan extensive 500-kilovolt overlays 
of their existing transmission systems. 

Within Region III opportunities for mine-mouth 
steam-electric generating stations are limited. Mt. 
Storm and some areas in western Kentucky offer 
such opportunity. In contrast, coal mining in Ala- 
bama involves thin seams so that there may be only 
a moderate cost difference between locally mined 
coal and Kentucky coal shipped by unit train. 

The capability of a single 230-kilovolt line is 
about 300 to 500 megawatts, depending on the 
length of line, type, size, and configuration of con- 
ductor. A typical 500-kilovolt line has a capacity of 
1,500 to 2,000 megawatts, depending upon the same 
limiting factors. Therefore, the selection of trans- 
mission voltage will hinge largely on the size of 
generating units and plants. Because steam-plant 
sites are reasonably plentiful in certain areas of Re- 
gion III, plants can be located relatively close to 
major load centers. This factor currently tends to 
favor 230-kilovolt transmission as being more eco- 
nomical than 500 kilovolts in those areas. In other 
areas, conditions are substantially different. Load 
and population density, higher fossil-fuel costs, and 
a relatively poorer inventory of steam-plant sites 
have indicated the development of large plants and 
large unit sizes. For the entire Region substantial 
amounts of 500-kilovolt transmission are forecast, 
amounting to 4,150 miles by 1980 and 9,019 miles 
by 1990. The maps, Figures 6, 7, and 8, show the 
general location of future high-voltage lines fore- 
cast for 1970, 1980, and 1990, respectively. The 
existence of transmission voltages higher than 500 
kilovolts is recognized, and interest is maintained 
in current developments at 765 kilovolts. It is of 
historical significance and interest that the use of 
500 kilovolts in this country had its beginning in 
this Region. Even with the present rate of load 
growth, one could expect that, because of the fac- 
tors noted above, i.e., relatively intermediate dis- 
tances between load and generation, the 500- 
kilovolt system is expected to suffice through the 
1980’s. The Region will continue to show interest 
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Figure 6 
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stantial amounts of seasonal capacity which could 
be exchanged outside of Florida. Actually, most of 
the entities in Florida will have either an approxi- 
mate balance between summer and winter peaks, or 
will have summer peaking characteristics. 

Examination of Appendix A shows that the prin- 
cipal opportunities for additional seasonal exchange 
in the Southeast in later years will be between the 
winter peaking TVA system and summer peaking 
systems. 

Although a substantial portion of Region III op- 
erates on Eastern time and the remainder on Cen- 
tral time, there is relatively little “time-zone 
diversity” which can be utilized on a reliable basis. 
Weather extremes, which make loads unusually 
high, are likely to be spread across the entire Region 
and effectively cancel any “time-zone” or random 
diversity which might otherwise appear to be 
available. 

Appendix A includes detailed analyses of seasonal 
exchange potential of CARVA, peninsular Florida, 
Southern, and TVA, and these together represent 
the bulk of any exchange potential. It will be noted 
that maintenance requirements preclude seasonal 
exchanges of peninsular Florida or CARVA for the 
entire time period considered. This means that op- 
portunities for seasonal exchange not already im- 
plemented or scheduled consist of possible summer 
capacity from TVA of some 193 megawatts in the 
1980-81 period, some 580 megawatts in the 1985-- 
86 period, and about 1,000 megawatts in the 1990- 
91 period. Comparison of these with the analysis of 
the Southern System which would have some small 
excess of winter capacity shows that further ex- 
change of something under 200 megawatts may be 
feasible in 1980, perhaps some 200 megawatts in 
1985, and some 300 megawatts in 1990. On this 
basis, some 700 megawatts summer capacity might 
be available in 1990. These amounts in the earlier 
years are so small and the conditions for the later 
years so uncertain that little, if any, transmission for 
seasonal exchange purposes alone can be justified. 


Transmission Patterns 


Much of the existing transmission in Region III 
is at 115 kilovolts, with a substantial block of 161- 
kilovolt lines in TVA and nearby Southern System 
connections: Substantial amounts of 230-kilovolt 
transmission have been built in most sections except 
in TVA’s 161-kilovolt and 500-kilovolt areas. There 
are two notable installations of 500-kilovolt trans- 


mission, one designed, among other things, to ac- 
complish seasonal diversity exchange between TVA 
and the South Central Electric Companies. The 
other is the 500-kilovolt transmission system from 
Virginia Electric and Power Company’s mine- 
mouth Mt. Storm Plant. Short sections of 500-kilo- 
volt line are being built in North Georgia. In 
addition, Duke Power Company, Carolina Power & 
Light Company, Virginia Electric and Power Com- 
pany, and TVA plan extensive 500-kilovolt overlays 
of their existing transmission systems. 

Within Region III opportunities for mine-mouth 
steam-electric generating stations are limited. Mt. 
Storm and some areas in western Kentucky offer 
such opportunity. In contrast, coal mining in Ala- 
bama involves thin seams so that there may be only 
a moderate cost difference between locally mined 
coal and Kentucky coal shipped by unit train. 

The capability of a single 230-kilovolt line is 
about 300 to 500 megawatts, depending on the 
length of line, type, size, and configuration of con- 
ductor. A typical 500-kilovolt line has a capacity of 
1,500 to 2,000 megawatts, depending upon the same 
limiting factors. Therefore, the selection of trans- 
mission voltage will hinge largely on the size of 
generating units and plants. Because steam-plant 
sites are reasonably plentiful in certain areas of Re- 
gion III, plants can be located relatively close to 
major load centers. This factor currently tends to 
favor 230-kilovolt transmission as being more eco- 
nomical than 500 kilovolts in those areas. In other 
areas, conditions are substantially different. Load 
and population density, higher fossil-fuel costs, and 
a relatively poorer inventory of steam-plant sites 
have indicated the development of large plants and 
large unit sizes. For the entire Region substantial 
amounts of 500-kilovolt transmission are forecast, 
amounting to 4,150 miles by 1980 and 9,019 miles 
by 1990. The maps, Figures 6, 7, and 8, show the 
general location of future high-voltage lines fore- 
cast for 1970, 1980, and 1990, respectively. The 
existence of transmission voltages higher than 500 
kilovolts is recognized, and interest is maintained 
in current developments at 765 kilovolts. It is of 
historical significance and interest that the use of 
500 kilovolts in this country had its beginning in 
this Region. Even with the present rate of load 
growth, one could expect that, because of the fac- 
tors noted above, i.e., relatively intermediate dis- 
tances between load and generation, the 500- 
kilovolt system is expected to suffice through the 
1980’s. The Region will continue to show interest 
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stantial amounts of seasonal capacity which could 
be exchanged outside of Florida. Actually, most of 
the entities in Florida will have either an approxi- 
mate balance between summer and winter peaks, or 
will have summer peaking characteristics. 

Examination of Appendix A shows that the prin- 
cipal opportunities for additional seasonal exchange 
in the Southeast in later years will be between the 
winter peaking TVA system and summer peaking 
systems. 

Although a substantial portion of Region III op- 
erates on Eastern time and the remainder on Cen- 
tral time, there is relatively little “time-zone 
diversity” which can be utilized on a reliable basis. 
Weather extremes, which make loads unusually 
high, are likely to be spread across the entire Region 
and effectively cancel any “time-zone” or random 
diversity which might otherwise appear to be 
available. 

Appendix A includes detailed analyses of seasonal 
exchange potential of CARVA, peninsular Florida, 
Southern, and TVA, and these together represent 
the bulk of any exchange potential. It will be noted 
that maintenance requirements preclude seasonal 
exchanges of peninsular Florida or CARVA for the 
entire time period considered. This means that op- 
portunities for seasonal exchange not already im- 
plemented or scheduled consist of possible summer 
capacity from TVA of some 193 megawatts in the 
1980-81 period, some 580 megawatts in the 1985-- 
86 period, and about 1,000 megawatts in the 1990- 
91 period. Comparison of these with the analysis of 
the Southern System which would have some small 
excess of winter capacity shows that further ex- 
change of something under 200 megawatts may be 
feasible in 1980, perhaps some 200 megawatts in 
1985, and some 300 megawatts in 1990. On this 
basis, some 700 megawatts summer capacity might 
be available in 1990. These amounts in the earlier 
years are so small and the conditions for the later 
years so uncertain that little, if any, transmission for 
seasonal exchange purposes alone can be justified. 


Transmission Patterns 


Much of the existing transmission in Region III 
is at 115 kilovolts, with a substantial block of 161- 
kilovolt lines in TVA and nearby Southern System 
connections: Substantial amounts of 230-kilovolt 
transmission have been built in most sections except 
in TVA’s 161-kilovolt and 500-kilovolt areas. There 
are two notable installations of 500-kilovolt trans- 


mission, one designed, among other things, to ac- 
complish seasonal diversity exchange between TVA 
and the South Central Electric Companies. The 
other is the 500-kilovolt transmission system from 
Virginia Electric and Power Company’s mine- 
mouth Mt. Storm Plant. Short sections of 500-kilo- 
volt line are being built in North Georgia. In 
addition, Duke Power Company, Carolina Power & 
Light Company, Virginia Electric and Power Com- 
pany, and TVA plan extensive 500-kilovolt overlays 
of their existing transmission systems. 

Within Region III opportunities for mine-mouth 
steam-electric generating stations are limited. Mt. 
Storm and some areas in western Kentucky offer 
such opportunity. In contrast, coal mining in Ala- 
bama involves thin seams so that there may be only 
a moderate cost difference between locally mined 
coal and Kentucky coal shipped by unit train. 

The capability of a single 230-kilovolt line is 
about 300 to 500 megawatts, depending on the 
length of line, type, size, and configuration of con- 
ductor. A typical 500-kilovolt line has a capacity of 
1,500 to 2,000 megawatts, depending upon the same 
limiting factors. Therefore, the selection of trans- 
mission voltage will hinge largely on the size of 
generating units and plants. Because steam-plant 
sites are reasonably plentiful in certain areas of Re- 
gion III, plants can be located relatively close to 
major load centers. This factor currently tends to 
favor 230-kilovolt transmission as being more eco- 
nomical than 500 kilovolts in those areas. In other 
areas, conditions are substantially different. Load 
and population density, higher fossil-fuel costs, and 
a relatively poorer inventory of steam-plant sites 
have indicated the development of large plants and 
large unit sizes. For the entire Region substantial 
amounts of 500-kilovolt transmission are forecast, 
amounting to 4,150 miles by 1980 and 9,019 miles 
by 1990. The maps, Figures 6, 7, and 8, show the 
general location of future high-voltage lines fore- 
cast for 1970, 1980, and 1990, respectively. The 
existence of transmission voltages higher than 500 
kilovolts is recognized, and interest is maintained 
in current developments at 765 kilovolts. It is of 
historical significance and interest that the use of 
500 kilovolts in this country had its beginning in 
this Region. Even with the present rate of load 
growth, one could expect that, because of the fac- 
tors noted above, i.e., relatively intermediate dis- 
tances between load and generation, the 500- 
kilovolt system is expected to suffice through the 
1980’s. The Region will continue to show interest 
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Plant Name Net Peak Hour 
and Symbol Capability, MW 
Alabasa 
A Wilson 620 
B Colbert 3,682 
C Widows Creek 1,871 
D Browns Ferry 4,395 
g Barry 1,592 
¥ Gorgas 1,206 
G Gaston 1,724 
H Greene County 1,954 
I Prescott Creek 1,000 
J Eufaula 2,400 
K Pell City 1,800 
L Montgomery 1,000 
Hw North Plant 4,000 
MN Tombigbee 2,000 
Florids 
A Crist 947 
B Crystal River 1,722 
C Turkey Poiat 2,266 
D Pore Everglades 1,241 
£ Riviera 694 
F Cape Kennedy 622 
G Fort Myers 556 
a 1,373 
I Jacksonville 820 
J L. Smith 1,721 
K West Coast 2,025 
L Hutchinson Isl 5,325 
M North 2,760 
M West 1,950 
Oo South 9,600 
P Big Bend 3,24 
Q Northside 1,616 
R Indian River 651 
S Lakeland 864 
T Four Kile 1,500 
U East Central 3,840 
v Beacon Key 3,650 
W Tallahassee 807 
X Mew Plaot 600 
Y Orlando "x" 540 
Z Clay County 1,300 


2 
“eo. 
PLANT LIST 
1990 
Plant Name Net Peak Hour Plant Name Net Peak Hour 
and Symbol Capability, MW and Symbol Capability, MW y; ta A\ 
Georgia South Carolina ee Ww 
A Harllee Branch 1,583 A Robinson 882 t 
B Hammond 823 B Jocassee 600 ( 
© McDonough Sil C Oconee 2,622 N . \ \ 
D Yates 621 D Anderson County 2,100 A\ 
£ Etowah 2,800 E Bushy Park 1,384 nN WW 
F Hatch 2,400 P Parr 2,104 XN WwW 
G Carters 500 G Wateree 1,219 ‘ 
H Lloyd Shoals 4,000 H Jefferies 662 ea 
I Port Wentworth 647 I Canal 1,000 me) 
J Goat Rock 3,000 J Georgetown 1,600 ; ai (L\ 
K Buford 2,000 K Site "Ss" 3,000 YS | in 
L Savannah 650 L Newport 3,000 NN iy 
M Site "x7" 1,200 y 1 
Wo Urquhart 1,460 Ww 1 ‘ 
Kentucky 0 Orangeburg 1,200 . ASN r\ 
A Paradise 2,560 Tennessee \ (E} 
B Shawnee 1,624 \ == Ey — 
Cc Kentucky 3,600 A Allen 930 =====7 7 
B Bull Run 3,350 
C Gallatin 7,208 x ul iy! 
Hississippt D John Sevier 3,240 ~ WH 
E Johnsonville 3,832 ~ il 4 
A J, Watson 941 F Kingston 1,726 x W > 
B Pascagoula 2,500 G Sequoyah 3,600 x rr 
C Hatciesburg 1,000 H Cumberland 2,550 ~ S 
I Raccoon Mountain 1,200 fy 
J Memphis 1,200 ON 
North Carolina Virginia > =} ZZ 
A Roxboro 2,069 A Chesterfield 1,397 TI \é 
B Riverbend 665 B Portsmouth 788 Witt 
c Allen 1,183 C Possum Point 566 AAT 
D Marshall 2,136 D Surry 3,825 UNG 
£ Brunswick 1,600 # North 4nna 3,976 
P Site "T" 1,800 ¥ Marble Valley 1,000 — 
G site "BY 2,000 G Yorktown 1,436 sf 
H Charlotte 7,600 H Bay Area 4,400 i 
I Asheville 798 7 
J Site “R" 6,000 West Virginia 
K Caswell County 2,500 
L Albemarle 4,400 A Mt, Storm 1,659 ZA 
B Alleghany 1,000 fe 
x» Wo 
Q os 


Figure 8 


POSSIBLE PATTERNS OF GENERATION 


AND TRANSMISSION DEVELOPMENT 
SOUTHEASTERN REGION 


I990 


LEGEND 
GENERATING STATIONS 


CONVENTIONAL HYDROELECTRIC 
PUMPED STORAGE HYDROELECTRIC. 


y 


CONVENTIONAL STEAM-ELECTRIC O 
NUCLEAR FUELED STEAM-ELECTRIC___A 
INDETERMINATE CC 
GENERATING STATIONS SHOWN ARE 5OOMW 


AND ABOVE 


TRANSMISSION LINES 


230 KV AC___ —$——=— 
500 KV AC om mm ome 


NOTE: EXISTING 230 KV LINES INCLUDED 


II-3-29 


| 


and participation in the programs currently under 
way concerning the problems of EHV systems and 
hopefully looks forward to the selection of a level 
which will afford the greatest benefits when a volt- 
age above 500 kilovolts becomes necessary. It is also 
recognized that the securing of transmission line 
rights-of-way is becoming more difficult and costly 
and that the maximum use of existing rights-of-way, 
in certain areas, accelerates the consideration of 
higher than normally used voltages. It is also the 
same factors of relative proximity of load to genera- 
tion, together with the already high degree of coor- 
dination and resulting interchange that now exists, 
that preclude the serious consideration of d-c 
transmission at this time. 

While 115- and 230-kilovolt underground trans- 
mission cables are in use in the area, some of the 
115-kilovolt cables having been in use for over 20 
years, additional increments are currently consid- 
ered only in those congested or special areas where 
there is no other reasonable alternative. Where the 
conditions of extremely heavy load densities neces- 
sitate the establishment of load centers and high- 
rise building congestion precludes overhead con- 
struction, underground transmission cables are a 
required solution, but where the newer and artisti- 
cally designed overhead facilities will blend into or 
harmonize with the environment, they are used. 
While this latter type of construction is more costly, 
the structures sometimes costing up to twice as 
much as the overhead construction used in open 
areas, it is still materially less expensive than under- 
ground construction. It has generally met with ac- 
ceptance by the general public and the consequent 
savings to the utility of course represent a benefit 
to its customers. 


Reliability 
Generating Capacity 


Rapid changes in the sizes of generating units and 
other system characteristics make it impracticable 
to assign a particular percentage for reserves, or to 
use any short-cut methods associated with the size 
of the largest unit or the several largest units. In- 
stead, a probability basis tempered with judgment 
and experience may be appropriate. To the extent 
practicable, it shouid take into account the type and 
size of generating units, their expected forced out- 
age rates, the daily peak loads of the system, and 
maintenance requirements scheduled so as to pro- 


vide approximately equal risk or equal margin over 
a year. Reliability studies should take appropriate 
account of interconnections. 

Reliability considerations are strongly influenced 
by the expected forced outage rates and also the 
maintenance requirements of generating units. 

Recent studies indicate the desirability of factor- 
ing into reliability computations the probabilities 
that system loads, as influenced by abnormal tem- 
peratures, will exceed the median-weather predicted 
load by various amounts. Reasonable correlation of 
temperature and load is practicable, but predictions 
of temperatures for 4 to 6 years ahead (or even 1 
year ahead) are futile. Therefore, the indicated 
course is a long-term study of weather deviations 
expressed on a probability basis to be factored into 
the over-all computations of reliability. 


Transmission and Operation 


Reliability from the transmission and operation 
view can be considered under two broad categories. 
The first deals with assurance of reliable service 
under moderate contingencies such as the loss of 
one or two generating units together with the most 
critical transmission line at the time of the system 
annual peak-hour load. Criteria of this type in- 
herently provide for contingencies involving more 
elements at times other than system peak-hour load. 
It is feasible to treat this criterion on a probability 
basis. The other general basis involves the highly 
unusual multiple-failure contingency which, though 
rare, must be controlled to prevent cascading of 
the disturbance to areas which should remain 
unaffected. 

Coordination of generation and _ transmission 
plans between neighboring utilities enhances relia- 
bility of each, provided each utility or group of 
utilities is itself planned to provide reliable service. 
Utilities and groups in the Southeast have had 
mutual emergency arrangements in effect for over 
two decades, and these have been highly effective 
in producing an excellent degree of reliability. 
These principles have been extended recently 
through reliability coordination agreements be- 
tween neighboring groups. Such agreements are in 
effect between systems and groups within Region 
III, and between such groups and neighboring sys- 
tems in Regions II and V. Negotiations are under 
way for similar arrangements between Region III 
entities and Region IV entities. 
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CHAPTER IV 
STATEMENT OF COORDINATION 


General 


Coordination of operating procedures and plan- 
ning for reliability of power supply are in effect 
between the various systems in the Southeast. This 
is being implemented by Reliability Coordination 
Agreements between neighboring systems and pools, 
as well as by joint study programs conducted by 
systems on a less formal basis. Discussions are now 
being held to put into effect other similar formal 
agreements. 

In most cases, the work involved in coordination 
is carried out by committees or special working 
groups. These committees meet periodically for the 
purpose of discussing problems and implementing 
studies leading to increased reliability. These dis- 
cussions and studies deal with matters such as gen- 
eration and transmission planning, construction 
schedules, operation, maintenance schedules, spin- 
ning reserve requirements, and mutual assistance 
during emergencies. 

Statements on coordination prepared by the vari- 
ous systems are listed below. 


CARVA Pool 


The CARVA Pool, comprised of Carolina Power 
& Light Company, Duke Power Company, South 
Carolina Electric & Gas Company, and Virginia 
Electric and Power Company, was formed after 
several years’ planning and negotiation directed 
toward increasing coordination over the wide geo- 
graphical area served by the companies. The agree- 
ment, which went into full effect on May 1, 1967, 
was the culmination of efforts based on a mutual 
desire to attain maximum economy and bulk power 
supply reliability for the benefit of over 2.6 million 
customers in the States of North Carolina, South 
Carolina, Virginia, and a small part of West Vir- 
ginia. Under the CARVA agreement, the com- 
panies are specifically committed to undertake joint 
planning and operation of transmission and gen- 
eration. This now is being accomplished through 


various committees and special working groups on 
which each company has representation. Imple- 
mentation of the agreement has permitted members 
to install larger size units with attendant economies 
in first cost and operation, and has resulted in the 
shared development of plans for an extensive EHV 
bulk power transmission system among the Pool 
companies. Some 450 miles of 500-kilovolt trans- 
mission will be in service by 1975, with a major 
portion completed by 1972. 

Further, other such committees and_ special 
working groups plan and coordinate operational 
matters, generation schedules, construction and 
maintenance schedules, reserve eae and 
power interchange. 

The CARVA Pool companies, individually and 
collectively, continue to be active in working with 
area and regional groups interested in coordination 
of electric facilities for maximum reliability and 
economy of service to all customers in their service 
area. 

In April 1967, the CARVA Pool members signed 
a reliability agreement with members of The South- 
ern Company Power Pool intended to further aug- 
ment reliability of each company’s bulk power 
supply through coordination of the companies’ plan- 
ning for and operation of their generation and bulk 
power transmission facilities. - 

An inter-area reliability coordination agreement 
was executed between CARVA, East Central Area 
Reliability Coordination Committee, and Middle 
Atlantic Area Reliability Coordination Committee 
on November 15, 1968. A possible coordination 
agreement with TVA is also being studied. 

Joint studies of bulk power transmission facili- 
ties are in progress between the CARVA companies 
and the American Electric Power System; CARVA 
and the Southern companies; and CARVA and the 
PJM interconnection. 

All the CARVA companies have been part of 
the Interconnected Systems Group for many years. 

Each individual member has interconnection 
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agreements with its neighbors which to a greater or 
lesser degree, involve purchase and sale of power, 
exchange of information, mutual assistance during 
emergencies, establishment of operating procedures 
and joint studies of plans for transmission affecting 
more than one company, all of which contribute to 
improved coordination. These interconnection 
agreements, for the most part, were in existence be- 
fore formation of the CARVA Pool and before the 
inter-area agreements referred to above were con- 
cluded. They continue as effective complements to 
the more embracing inter-area agreements. 

The CARVA Pool companies are represented on 
the National Electric Reliability Council. 


The Florida Group 


For purposes of this report, the five major utili- 
ties in Peninsular Florida, who coordinate their op- 
erations through informal committee action, are 
identified as the Florida Group; furthermore, for 
simplicity, this group is sometimes referred to as a 
“Pool” with the understanding the term is applied 
in the broadest sense, and does not connote a formal 
pool. 

Peninsular Florida is served by five principal 
suppliers, Florida Power Corporation, Florida 
Power & Light Company, Tampa Electric Com- 
pany, and the municipal systems of Jacksonville 
and Orlando. These suppliers, surrounded on three 
sides by water, subjected to hurricanes and the high- 
est incidence of lightning in the nation, undertake 
to stand on their own feet and provide their own re- 
serves. They are strongly interconnected and com- 
prise what has come to be known as the Florida 
Group. In emergencies each supplier aids the 
Florida system in trouble to the maximum extent 
of its resources. Notwithstanding the fact that each 
Florida supplier operates his own system in the most 
economical manner consistent with its individual re- 
quirements and policies, there is a strong recogni- 
tion of the need to coordinate operating matters. 

An informal committee was established in Janu- 
ary 1959 by the three investor-owned utilities listed 
above for considering and coordinating mutual 
problems relating to interconnected operation. The 
committee consisted of engineering and operating 
personnel, and informal meetings were held on a 
randomly scheduled basis. As the activities of the 
informal committee proved to be beneficial, repre- 
sentatives of the Jacksonville and Orlando munici- 
pal systems were asked to participate. They began 


participating several years ago, so that their opera- 
tions would be better coordinated with those of the 
three investor-owned systems. The committee mem- 
bers have no authority to enter into contractual 
agreements, to commit their organization to con- 
struction of facilities, nor to establish practices 
which are not in accord with individual organization 
policy. The committee does serve as an excellent 
medium through which mutual operating problems 
are reviewed and resolved in such a manner that 
technical operations are very well coordinated. This 
committee, known as the Florida Operating Com- 
mittee, now meets on a bi-monthly basis. In its meet- 
ings, it focuses attention on such matters as spinning 
reserve, underfrequency relay protection, relaying 
and adequate communications between dispatching 
centers. It also coordinates maintenance schedules 
and recommends and organizes long-range planning 
studies and stability examinations for use by the five 
individual utilities. There are no “pooling” con- 
tracts or commitments among these systems. 

Spinning reserve is voluntarily shared and main- 
tained to protect the instantaneous loss of the largest 
generating unit in service. The reserve is distrib- 
uted to enough operating units with proper gov- 
ernor characteristics so that a frequency drop of 
less than five-tenths of a cycle will provide the full 
benefits of each member’s share of assistance. The 
full share of each member’s reserve must be avail- 
able to all other members and not restricted by 
limitation of transformers, lines or other equipment. 
In abnormal situations where the spinning reserve 
of a member is either unavailable or only partially 
available, the member notifies the others so that 
their spinning reserves may be increased or reallo- 
cated as required. Every system disturbance 1s thor- 
oughly analyzed by the operating committee to 
check the response of the generating units of each 
member in meeting the emergency. The amount of 
spinning reserve required is constantly under review. 

To avoid an excessive number of generating units 
being out of service simultaneously for maintenance 
and to insure the maximum availability of installed 
reserves, the five individual systems coordinate their 
maintenance schedules through the Florida Operat- 
ing Committee. 

Load shedding has been used as an emergency 
procedure by members of the Florida Group since 
1957. For some time two of the systems have had 
capability of shedding more than 1,000 megawatts 
of load by underfrequency relays, and since the five 
systems are strongly tied together, this protection 
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has been available to all five members as a second- 
or third-contingency back-up. Now, all members of 
the group have provided for such installations and 
a completely coordinated plan was fully imple- 
mented in late 1968. Each member has or will have 
a load shedding capability of at least 30 percent of 
its peak load, and each member’s portion of load 
shedding will be available to other members during 
any emergency operation. Stability examinations are 
used to assist in determining the amounts and loca- 
tions of load to be shed, and the frequencies for 
which the relays should be set. 

Each of the five systems uses an on-line computer 
for dispatching, and the dispatching offices of the 
individual group members are new and modern. 
These offices are linked by excellent communication 
facilities consisting of microwave, leased circuits, 
teletype, and radio. They are also linked to the 
power plants and substations by excellent communi- 
cation facilities. Information is exchanged con- 
stantly concerning loads, reserves, and unusual 
operating conditions, In time of emergencies, the 
dispatchers can communicate very quickly and take 
proper corrective steps on the basis of factual and 
up-to-the-minute information. 

On December 1, 1967, Florida Power Corpora- 
tion and the Southern System companies entered 
into a reliability coordination agreement for the 
purpose of augmenting coordination for reliability 
of bulk power supply. The agreement calls for the 
appointment of an Executive Committee which 
shall review principles and procedures on matters 
affecting bulk power supply, such.as (1) coordina- 
tion of generation and transmission planning, 
construction, operation, and protection; (2) coor- 
dination of interconnections for assistance in emer- 
gencies; (3) initiation of joint studies and 
investigations pertaining to emergency performance 
of bulk power supply facilities; (4) coordination of 
maintenance schedules of generating units and lines; 
(5) coordination of communication facilities; (6) 
coordination of load relief measures and restoration 
procedures; and (7) coordination of spinning re- 
serve requirements. 

Florida Power Corporation is represented on the 
National Electric Reliability Council. 


Savannah Electric and Power Company 


Savannah Electric and Power Company has an 
interchange contract with the Georgia Power Com- 
pany and considers that the two companies are 


fully coordinated in the planning and operation of 
transmission systems and in generation require- 
ments. Savannah has two 110-kilovolt transmission 
ties with Georgia Power. The primary purpose of 
these ties is for assistance of either company when 
the other company is in trouble. In fact, there is a 
provision in the interchange contract between 
Georgia and Savannah for establishing coordination 
for achieving maximum reliability in the operation 
of the two systems. 

In order to assist both companies in planning 
future generation and transmission, joint network 
analyzer studies are made. These studies are the 
basis for determining the best operation for the two 
companies’ systems and what additional. transmis- 
sion is required to best serve both companies. 

The type of protection installed in existing ties 
was determined after joint conferences between the 
two companies. The type of relays and actual relay 
settings were determined by the relay sections of 
both companies working together. Savannah and 
Georgia consider that they have taken advantage 
of opportunities available for improving reliability 
and increasing efficiency which could not exist were 
they acting independently. 

Through the foreging arrangements, Savannah 
is represented on the National Electric Reliability 
Council. 


South Carolina Public Service Authority 


The South Carolina Public Service Authority has 
an operating agreement with the South Carolina 
Electric & Gas Company and for many years has 
worked with its neighbors through interconnection 
agreements involving emergency support, economy 
power interchange, coordinated maintenance 
scheduling and direct sales and purchases. In addi- 
tion, the Authority has a l-year purchase power 
contract with South Carolina Electric and Gas Com- 
pany for the year May 1, 1969, to April 30, 1970. 
The Authority’s transmission system is connected 
with the CARVA Pool (through interchange points 
with the South Carolina Electric & Gas Company) 
at four locations, and future planning is expected 
to recognize additions of generation and transmis- 
sion facilities in the area. 

The Authority has been attempting to reach an 
agreement with the CARVA Pool whereby its cus- 
tomers may receive the full benefits of pooling 
opportunities such as installation of larger units 
with attendant economies, coordinated planning, 
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maintenance and operations, purchases and sales 
of power, and generally improving area reliability, 
and hopes in the future to complete an agreement 
satisfactory to all parties. 


The Southern Company System 


The Southern System covers approximately 
122,000 square miles in the States of Alabama, 
Georgia, northwestern Florida, and southeastern 
Mississippi. The system is made up of six operating 
affiliates; namely, Alabama Power Company, Geor- 
gia Power Company, Gulf Power Company, 
Mississippi Power Company, Southern Electric 
Generating Company (jointly owned by Alabama 
and Georgia), and Southern Services, Inc. (the 
engineering and operating service company for the 
Southern System). 

There was some coordinated operation as early 
as 1921 between some of the operating companies 
and as early as 1925 among all four of the operating 
companies. The existing Pool contract has been in 
force since 1940 with revisions being made annually 
to reflect changing load and capability conditions. 

Because of its early formation and common 
ownership, the Southern System has been able to 
evolve an integrated and fully coordinated generat- 
ing and transmission system at all levels of opera- 
tion. Full communication at all organizational levels 
ensures that planning and design take thorough and 
immediate advantage of operating experience, and 
this practice has led to the development of a generat- 
ing and transmission system of very high reliability. 

Separate reliability coordination agreements have 
been consummated with all neighboring systems, 
which are: CARVA (comprised of Carolina Power 
and Light Company, Duke Power Company, South 
Carolina Electric and Gas Company, and Virginia 
Electric and Power Company) ; Middle South Sys- 
tem (comprised of Arkansas Power and Light 
Company, Louisiana Power and Light Company, 
Mississippi Power and Light Company, and New 
Orleans Public Services, Inc.) ; Florida Power Cor- 
poration; and Tennessee Valley Authority. 

The work involved in these agreements is carried 
out by Executive Committees representing the par- 
ticipating systems. These committees are coordinat- 
ing the two systems’ generating and transmission 
planning, construction and operation, maintenance 


schedules, spinning reserve requirements, and other 
operating matters including the studies of methods 
of mutual assistance in emergencies. 

Members of The Southern Company System are 
represented on the National Electric Reliability 
Council. 


Tennessee Valley Authority 


The Tennessee Valley Authority recently has 
signed Reliability Coordination Agreements with 
the Southern companies (consisting of Alabama 
Power Company, Georgia Power Company, Gulf 
Power Company, Mississippi Power Company, and 
Southern Services, Inc.) and the Middle South 
System (consisting of Arkansas Power and Light 
Company, Louisiana Power and Light Company, 
Mississippi Power and Light Company, and New 
Orleans Public Services, Inc.) and TVA is discuss- 
ing similar agreements with other adjacent organ- 
izations. These agreements put on a more formal 
basis the cooperation, coordination, and exchange 
of information which has been taking place over the 
past years between TVA and its neighbors. 

The South Central Electric companies and TVA 
have a program of making joint load flow studies 
annually, and joint transient stability studies when 
required. 

Members of the planning organizations of TVA 
and American Electric Power Company meet 
periodically to discuss reliability and plan joint 
studies. These studies are carried out on a more or 
less continual basis and range from operating 
studies for the upcoming season to long-range 
planning studies. 

The Tennessee Valley Authority also has made 
joint load flow studies with Union Electric Company 
and anticipates making additional studies as 
required. 

These joint studies are made to determine inter- 
change capability between systems under normal 
and emergency conditions, to determine the effect 
of new generation installations, to determine sys- 
tem flows following loss of generation, and to 
explore the feasibility of seasonal and emergency 
interchange. 

The Tennessee Valley Authority is represented 
on the National Electric Reliability Council. 
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CHAPTER V 


APPRAISAL OF UNDEVELOPED HYDROELECTRIC POTENTIAL IN THE 
SOUTHEAST 


Scope 


To the end that the updated National Power 
Survey will be comprehensive, this study of unde- 
veloped hydroelectric potential in the Southeast 
(FPC Region III) has included review of 216 sites. 
Except for those developments already in service 
or under construction, this review embraced all 
undeveloped southeastern sites listed in the 1964 
National Power Survey; in the FPC publication 
“Hydroelectric Power Resources of the United 
States, Developed and Undeveloped” dated Janu- 
ary 1, 1964; in the U.S. Study Commission Report 
of the Southeast River Basins; and in the FPC staff 
testimony evaluating the 60 most promising south- 
eastern sites as presented in the hearing leading to 
the licensing of Project No. 2503; in the FPC Plan- 
ning Status Reports for each river basin; and 24 
sites not mentioned in any of the above documents. 

Of the 216 sites reviewed, 31 were studied in 
further detail, and only limited analyses were made 
of the remaining 185 sites for the following reasons: 

Fifty sites are primarily pumped storage and 
are considered separately in a following section 
on pumped-storage potential. 

Ninety-eight sites have less than 50 mega- 
watts potential, were omitted from the 1964 
National Power Survey, and are not of suff- 
cient significance for inclusion in the updated 
survey. 

Two sites are less feasible alternatives to 
nearby conflicting sites. 

Thirty-five sites with a potential of 50 to 99 
megawatts as listed in Appendix B were 
omitted from further analysis because: 

1. Generally, these developments are too 
small to benefit from economies of 
scale, and therefore are unjustified 
when compared to more economical 
alternatives. 


2. Fulfilling the forecast on page 127 of 
the 1964 National Power Survey, gas 
turbines have had widespread applica- 
tion in the Southeast. With a capacity 
cost of about $11 per kilowatt-year for 
the gas turbine, hydroelectric develop- 
ments of less than 100 megawatts will 
rarely compete economically as a source 
of peaking capacity. 

3. Since developments of 50 to 99 mega- 
watts will be justified only very rarely, 
their omission from the updated power 
survey will not significantly understate 
the undeveloped hydro potential. 

4. Developments in this size range are 
adequately documented in the Plan- 
ning Status Report for each river basin, 
and it is unnecessary that they be in- 
cluded in the broader scope National 
Survey. 

Economic studies to develop relative feasibility 
indices were made of the 31 sites which included 
the following categories: 

Twenty-two sites having a potential of 100 
megawatts or more of conventional hydro- 
electricity. 

Four sites with previously estimated capaci- 
ties ranging from 66 to 120 megawatts were 
treated as a single development of 186 mega- 
watts which is the maximum combined po- 
tential that could be supported by stream flow 
and usable storage (Camp Creek, Rogues 
Ford, Sand Bottom, and War Woman). 

Five sites of less than 100 megawatts were 
selected for further analysis because of special 
situations, such as likely additions to existing 
developments (Hartwell, Mitchell, and Sa- 
luda); benefits from reducing siltation of 
Charleston Harbor (St. Stephens) ; and prior 
authorization of site development by the Con- 
gress (Salem Church). 
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Feasibility Analysis Methods 


To form a judgment as to which of the unde- 
veloped potential would be built by 1980, by 1990, 
or not at all, an approximate index of feasibility 
for each development was calculated. For consist- 
ency, uniform economic criteria were applied to 
each development using analysis techniques similar 
in most respects to those in use by some Federal 
agencies. However, this does not infer committee 
agreement that the Federal economic criteria re- 
flect full economic cost, neither does it suggest Fed- 
eral development nor preclude development by 
others. For development by the investor-owned sec- 
tor, higher fixed charge rates than used herein will 
tend to increase costs which may be offset by higher 
capacity and energy values with the result that 
relative feasibilities would be in the same range as 
shown. 

The latest available investment cost estimate for 
each development was obtained from appropriate 
Federal agencies or utility companies as applicable. 
Each investment cost estimate was adjusted to Jan- 
uary 1, 1968, price levels by use of the Handy- 
Whitman indices. Annual costs and values were 
then determined considering power and recreation 
only. Many of the developments would have other 
potential purposes such as flood control, water sup- 
ply, pollution abatement, fish and wildlife values 
which would influence economic analysis on a gov- 
ernment basis; or purposes such as cooling water 
and pumped-storage potential which would affect 
justification for investor-owned utilities. By limiting 
costs and values to power and recreation purposes, 
absolute values of justification could not be de- 
veloped but only an index of feasibility. Thus the 
relative feasibility index reported herein for each 
project is analogous to the traditionally used 
benefit-cost ratio that would result from use of this 
chapter’s costs and values for power and recrea- 
tion, to the exclusion of other possible costs and 
benefits. Elements used in calculating the feasibility 
indices follow. 


Annual Fixed Charges on Investment 


Consistent with the policy set forth in Senate 
Document 97, as of June 30, 1967, Federal agencies 
were directed to use 31% percent interest rate in 
evaluating Federal water resource projects. This 
rate is to represent the average cost of all outstand- 
ing long-term borrowings of the government. 


Although not consistent with investor-owned 
practices, a 100-year economic life was assumed for 
dams and reservoirs, and a 50-year economic life 
for specific power facilities. The resulting fixed 
charges as a percentage of investment are: 


Dam and Specific 

reservoir power 

(100-year facilities 

life) (50-year 

life) 

Prterest.ccg's Uw te isd eases oats 3. 250 3. 250 
AMOPIZaAUON A. + hes els« Orage rs 138 823 
Interim replacements......... . 050 . 400 
Insurance (in lieu of)......... . 002 . 200 
otal eye dhist. Sts iie.d 3. 440 4. 673 


Since the objective of these analyses was to deter- 
mine only an index of feasibility and not its absolute 
value, and since detailed breakdowns of investment 
cost estimates were not available for each individual 
project, a composite fixed charge rate was uni- 
formly applied to all projects. This composite rate 
was Calculated on the assumption that the 100-year 
economic life would apply to 70 percent of the in- 
vestment, and 30 percent had a 50-year life, thus 
giving a composite rate of (0.70 X 3.440) + (0.30 
4.673) =3.81 percent. Neither the full cost of cur- 
rent money, to Federal or non-Federal entities, nor 
taxes, paid or foregone, are included in this fixed 
charge rate. 


Annual Cost of Operation Maintenance 


Figure 9 shows the variation in estimated operat- 
ing and maintenance costs with the size of installa- 
tions plus 35 percent for administrative and general 
expense. 

Capacity Value 


In the Southeast, the Commission staff in its 
financial feasibility analyses uses for capacity value 
the revenue obtained by the Federal marketing 
agency. This capacity value of $10.80 per kilowatt 
per year was assigned uniformly to all develop- 
ments. This value is generally consistent with the 
fixed cost of about $11 per kilowatt pe: year in- 
curred by investor-owned utilities in their recent 
gas turbine additions which are generally the most 
economic alternative sources of peaking power with 
which to compare proposed water power develop- 
ments. 
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Energy Value 


An incremental energy value of 2.65 mills per 
kilowatt-hour was assigned to the average annual 
energy expected from each development. This is, in 
general, the revenue obtained by the Federal mar- 
keting agency. 


Recreation Costs and Values 


Recreation costs usually include fixed charges 
on recreational facility investments as well as an- 
nual operation, maintenance, and replacement 
expenditures. Recreation values are generally a 
function of the size of reservoir, variations in the 
water surface elevations during the major recrea- 


tional season, population density in the vicinity of 
the proposed development, presence of other nearby 
reservoirs, and quantity and quality of recreational 
facilities available. However, there is no uniform 
practice among the several agencies with respect to 
estimating recreation values. In making preliminary 
estimates, some techniques use only size of reservoir 
as the controlling factor. Accordingly, based on a 
study of sizes and recreational uses of Federally 
constructed reservoirs in the Southeast, a range of 
gross recreational values per acre and a range of 
costs’per acre were obtained for various sizes of 
reservoirs. The results of that study were used to 
prepare the curves shown in Figure 10 which were 
used in making preliminary estimates of recreational 
costs and benefits for these analyses. 
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Results 


Pertinent physical data and the relative feasibility 
index of each of the 28 developments (31 sites with 


four sites combined as a single development) are 
summarized in Table 9. The potential undeveloped 
capacity represented by these 28 projects in the 
Southeast totals 4,614 megawatts. Appendix C in- 
cludes summary sheets showing the approximate 
feasibility analysis of each of the 28 developments 
listed in Table 9 and the Tellico project which is 
under construction without power. 


Probable Schedule of Capacity Additions 


Nine of the projects shown on Table 9 have a 
relative feasibility showing economic promise, as 
indicated by the index exceeding unity. It is reason- 
able to expect that these projects, totaling 1,378 
megawatts of undeveloped potential, will be brought 
into service by 1980. 

Five additional projects have an approximate 
feasibility index of about 0.8 or better but less than 
unity. These are less attractive economically than 
the previous nine, but with the addition of other 
multiple purposes that may enhance their feasibility, 
they may well be developed by 1990. The total con- 
ventional hydroelectric potential of these five proj- 
ects is 785 megawatts. 

In the case of the remaining 14 projects, their 
lack of economic justification suggests that their 
development with hydroelectric power as a primary 
purpose is unlikely. However, if special needs associ- 
ated with other purposes of overriding importance 
accrue to some of these projects, hydroelectric power 
may be included as a somewhat incidental purpose. 


Undeveloped Conventional Hydroelectric Potential—FPC Region Ill 


Drainage Basin— 


TABLE 9 
Average Usable Gross Probable 
Site or Potential annual power static Relative development 
project River State capacity generation storage head feasibility Notes 
name (mw) (1,000 mwh) (1,000 AF) (feet) index mw mw 
: by 1980 by 1990 
Rappahannock Basin: Rappahannock Va_-_------ 89 161 517 175 Aik eee a 89" .c2ocRene 
Salem Church. 
James Basin: Pemberton - ---- Jamess 25-2 = Va. ok 232 356 1, 250 110 68 25205525225 
Roanoke Basin: Smith Roanoke--_-_-___-- Va. cus 150 131 a eee 195 1. 65 150) 502s eeees 1,13 
Mountain. 
Santee Basin: 
St. Stephen s2---- a eee Santee=2- ===. BCS 84 (110) 382 ee 70 ° 1, 56 84 so lecoeeee 2 
Frost Shoals. _-..........- Broad. == SC te ee 183 232 35 68 66 Aes 
Blairs... 22.6202 2 eee Broad. 223222 BC.. 2 eee 180 222 160 80 Ol eee 180). 2232 
Greater Lockhart_-_.____- Broad®2-2-.465- SCL es 284 319 850 174 64 ucSat ete S52 
Gr. Gaston Shoals__-___-_ iBroad=. ees ACIS See 105 129 60 4125 Th a hocnse toe 
Saluda’ 22 et so ees ee Saludase-- eee SC#e6 Foe Te te oe eee 188 1,79 1S eseenn sere 3 
Savannah Basin: 
Burtons Landing__-_---.-- Savannah_--____- Ga&SC__- 100 273 90 48 66 oe awe oe ae a 
Anthony Shoals___........ Broad______--_-: Ga lee 100 58 113 65 SEle eee 100 ‘2s 
Tallow Hill eases eee se Broad..o ee Gates 172 113 560 190 By) eerie Nas fen 
Trotters Shoals _._.--...-- Savannah-.-_-_-- SCie ses 310 471 57 152 AZ S10 est te eee 4 
Hartwell) 2g...) 2 .ceee ee Savannah-.___-- Gait 66) ewe epee eee 185 2. 90 66:0. Ao 5 
4 Chattooga. ....-......-- Chattooga___.._- Ga&SC_.- 186 246 93 749 AD Jo steetce- sesueeeeee 6 


See footnotes at end of table. 


TABLE 9—Continued 
Undeveloped Conventional Hydroelectric Potential—FPC Region IIiI—Continued 


Drainage Basin— Average Usable Gross Probable 
Site or Potential annual power static Relative development 
project River State capacity generation storage head feasibility Notes 
name (mw) (1,000 mwh) (1,000 AF) (feet) index mw mw 
by 1980 by 1990 
Altamaha Basin: 
Ohoopee-Goose Cr-______-- Altamaha_____-_ Gases 169 296 361 62 FE coe Oe oc a wa ae 
Laurens Shoals____--_---- Oconee... ---- = Gace 324 S41 fe eee eee ae 95 1. 48 S24 eC eEe. Uf 
(Coopers ferry = 2. Ocemulsee-—.-— Gas = 120 189 420 78 76. ae 3 ee oe Be eee 
Apalachicola Basin: Spewrell Flint____-_-_-___ Gals ees 100 133 322 157 62 ee ee ee eee 
Bluff. 
Tombigbee Basin: Smiths Locus Folk____-- Algo cee oe 115 84 508 178 Ce ee ee ee 8 
Ford. 
Alabama Basin: 
Bridgeviow..2_--- 2... - Tallapoosa ----_- oN eS 105 130 0 35 Sli) pg 2 tae a ees 
Martine ste secs ec nee Tallapoosa -_-_- Algsmeri: 171 21 (—916) 146 1.65 Lee 9 
Mmuockiaw= 20s. seo see ass Tallapoosa- --__- rAlg Ae cere 181 196 284 121 108 ease 181 10 
Crooked Creek______-__-- Tallapoosa -____- Alacee See 135 149 161 130 1.04 35 pees eee 11 
Mitcheligeree fe. es C0088 eee ALS eee 60 127 0 60 1.20 COS. eee 9 
Tennessee Basin: Sugar Creek_Elk____________- Alger i2 100 140 325 85 Cle eee ee ee. 
Cumberland Basin: 
Devils Jumps! -.--- =~... Big South Fork. Ky_______- 480 475 1650 457 Si Metis see Ses ce 13 
Cumberland Falls-Jellico. Cumberland_... Ky_____--- 235 355 392 346 Skye 235 12, 13 
ED OLAS sane ee ee ae ee ee eee eee 4614 B28 ee re ae ee ee es 1378 V's) ee 
NOTES: 8. Licensed in 1950, construction abandoned, license offered for 


1. Install 5th Unit in existing powerhouse. 

2. Justification derives from special purpose to reduce silting in Charles- 
ton Harbor. Index=0.29 considering power only. 

3. Install Unit 5 in existing powerhouse. S.C. Elec. & Gas has received 
license amendment. 

4. Authorized by Congress in 1966. 

5. Install Unit 5 in existing powerhouse. 

6. Capacity limited to 186 mw by usable storage. Includes Camp 
Creek, Rogues Ford, Sand Bottom and War Woman developments. 

7. Includes 216 mw reversible, license application by Georgia Power 
Company pending. 


Comparison With 1964 NPS 


In the 1964 National Power Survey, new hydro- 
electric projects and capacity additions projected 
to 1980 were listed on Table 37. This list included 
62 projects located in the Southeast (FPC Region 
III). Of these, three have been completed and 
placed in service as additions to Cowans Ford, Lay 
Dam, and Walter Bouldin (formerly Jordan No. 2). 
Four more are now under construction: Keowee, 
Jocassee, West Point, and Tellico which is without 
power. Of the remaining 55, 27 sites are listed as 
24 developments in Table 9 and 28 sites are omitted 
as having capacities of less than 100 megawatts. In 
addition, Table 9 includes four projects not listed 
in the 1964 National Power Survey. They are the 
St. Stephen development on the Santee River, the 
addition to Martin Dam and the Bridgeview devel- 
opment on the Tallapoosa and the Cumberland 
Falls-Jellico combination. 


surrender. 

9. Addition of new powerhouse to existing development of Alabama 
Power Company. 

10. If military park cannot be inundated, feasibility index drops to 0.86. 

11. Preliminary permit issued to Alabama Power Company. 

12. Includes 90 mw reversible, formerly considered as two separate 
developments. 

13. Output will be utilized in power supply areas outside the Southeast 
Region. Also included in East Central Regional Advisory Committee 
Report. 


Pumped-Storage Potential 


Particularly in the mountainous areas, the South- 
east is endowed with an abundance of pumped- 
storage sites with an aggregate capacity many times 
that of the total potential capacity of all the unde- 
veloped conventional hydroelectric resources in the 
Region. In some cases, pumped storage can be 
developed at conventional hydro sites to multiply 
the capacity of those installations without additional 
reservoir or dam costs. Generally, the high head sites 
are conducive to pure pumped-storage develop- 
ments and will be the most economically attractive 
source of large blocks of future peaking capacity. 
Pumped storage is more related to topography than 
to river resources. The sites in the mountainous 
areas of the Southeast are literally too numerous 
for a meaningful tabular listing of sites. 

Pumped-storage capacity in the Southeast is now 
in service at Smith Mountain and Hiawassee and 
under construction at Carters Dam and Jocassee. A 
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license application has been made for Laurens 
Shoals. Additional projects have been announced 
and are in the planning stages. Some high head 
pure pumped-storage developments have been esti- 
mated at current costs of about $100 per killowatt. 

The 1964 National Power Survey cited several 
limitations of pumped-storage peaking power. These 
limitations included terrain restrictions, economic 
limits to transmission distances, competition from 
other types of peaking capacity, and availability of 
adequate supplies of low cost pumping energy. 
There has recently developed another potential 
limitation. During abnormally hot weather, the 
heavy air conditioning demand in the Southeast 
has caused sustained high-level peaks for 10 to 12 
hours per day, five consecutive days per week. This 
pattern can recur for three to five consecutive weeks. 
Considering the amount of low-load-factor hydro 
capacity now existing that must remain in the top 
of the load curve, large blocks of new peaking 
capacity may have to deliver 40 to 60 kilowatt-hours 
each week per kilowatt of capacity. For pure 
pumped-storage installations where the water flow 
is about equal in the pumping and generating 
modes, this large peaking energy requirement will 
necessitate large storage reservoirs that cannot be 
replenished over night or even over some weekends. 
Alternatively, pumping capacity will have to exceed 
generating capacity if the reservoirs are to be re- 
plenished and have sufficient stored energy again 
available to meet sustained peak loads. 


Statement of Separate Views 


The task force report on the Appraisal of Unde- 
veloped Hydroelectric Potential in the Southeast 
was accepted for inclusion in the Southeast Re- 
gional Advisory Committee report on Electric 
Power in the Southeast by majority vote at the 
Ninth Meeting of the Committee on December 4, 
1968. Committee member, Charles W. Leavy, dis- 
sented contending that the report should consist 
only of an inventory of potential projects without 
any detailed economic evaluation; and that the 
analyses confuse economic analysis and financial 
analysis. Mr. Leavy’s statement of separate views 
follows: 

“The report on the ‘Appraisal of Undeveloped 
Hydroelectric Potential in the Southeast’ constitutes 
a summary of individual economic analyses of po- 
tential projects in the Southeast. Although the 
terminology is somewhat different from that of the 


usual economic analysis, the analyses are designed 
to determine economic feasibility and the so-called 
‘relative feasibility index’ is stated to be ‘analogous 
to the traditionally used benefit-cost ratio’. The pro- 
priety of such specific economic appraisals by the 
Regional Advisory Committee is questionable. 
However, more serious is the fact that, with respect 
to particular projects, the report is, at best 
misleading. 

“While the report specifically states that benefits 
consider only power and recreation, the results are 
nevertheless misleading since other project purposes 
will, in many cases, contribute substantially to the 
benefits of a multi-purpose project. 

‘““A more basic objection, however, to the specific 
analyses is that the analyses confuse economic anal- 
ysis and financial analysis. An economic analysis 
which is made to determine a benefit-cost ratio is 
based upon power benefits, while a financial an- 
alysis is based upon potential power revenue. The 
report uses a supposed power revenue figure to de- 
termine benefits (or, as it terms them, ‘values’) to 
be used in an economic analysis. This results in a 
substantial understatement of capacity benefits (or 
‘values’) with a resultant decrease in the benefit- 
cost ratio (or ‘relative feasibility index’). The steps 
for determining the value of hydroelectric power 
for purposes of arriving at a benefit-cost ratio are 
set forth in some detail in Chapter IT of the Federal 
Power Commission’s March 1968 publication en- 
titled ‘Hydroelectric Power Evaluation’. This 
method has not been used in the report. 

“In the case of Federal projects, the economic 
analysis which results in a benefit-cost ratio is nor- 
mally made by the constructing agency, while the 
financial analysis determining the existence or not 
of financial feasibility for the inclusion of power in 
a project is made by the marketing agency. The 
latter analysis does not use benefits (or ‘values’), 
but rather estimated potential power revenues. 
These may not necessarily be the prevailing Fed- 
eral rates in the area since these rates are based not 
upon market value, but upon the costs of the par- 
ticular projects to which they apply. This determi- 
nation must also consider, if appropriate, the 
operation of a particular project integrated with the 
operation of other projects, as well as the financial _ 
consolidation of projects. It does not purport to 
result in any sort of a ratio or ‘index’ (since, under 
the law, this should approximate 1.0), but rather a 
determination of whether, under all the circum- 
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stances, costs properly allocable to power can be 
recovered during the repayment period. 

“The 1964 National Power Survey, in Table 37, 
lists 62 projects in the Southeast area. The report 
eliminates nine projects on the basis, apparently, 
that a firm decision has been made either to develop 
or not to develop the projects. Twenty-eight proj- 
ects are eliminated because they would have less 
than 100 megawatts of capacity. Fourteen projects, 
with 100 megawatts or more (the four Chattooga 
projects being considered as one project) , have been 
eliminated on the basis of an unfavorable ‘relative 
feasibility index’. Ten additional projects, having 
less than 100 megawatts, have been considered but 
not included on the basis of their size. Four addi- 
tional projects, involving 100 megawatts or more, 


or special situations, have been identified but one 
(Bridgeview) has been eliminated on the basis of 
the ‘relative feasibility index’. The net result of 
these changes is that the 1964 listing of 62 projects 
in the Southeast would be reduced to a listing of 
only 13 projects in the Southeast. Obviously, the 
1964 report and the new report adopt vastly dif- 
ferent criteria for the inclusion of projects. 

“The 1964 listing is stated to be based upon an 
appraisal made by the Federal Power Commission 
staff. Revisions of the 1964 listing should also be 
based upon the same type of appraisal by the Fed- 
eral Power Commission staff using the same criteria 
previously used or, if changes in criteria are made, 
the changes in criteria and their bases should be 
explained.” 
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CHAPTER VI 
FUELS 


Introduction 


The material in this Chapter is based on a report 
entitled, “Fuel Resources Requirements and Costs 
for Electric Generation in the Eastern United 
States,” prepared by a special Fossil Fuel Resources 
Committee established to make a joint study for the 
Northeast, East Central, and Southeast Regional 
Advisory Committees. The Fuels Committee report 
has been published as a separate document, and it 
should be referred to for details not covered in this 
Chapter. 


General Discussion 


The Fuels Committee report brings up to date 
studies made for the 1964 National Power Survey 
(Survey 1964) of the Federal Power Commission, 
reflecting changes in technology, public policy, and 
energy trends since the original Survey, with partic- 
ular reference to fuels used for electric generation. 
The period of analysis is extended by another 10 
years, to 1990. Intervening developments that have 
significantly changed the fuel picture are identified 
and analyzed. 

Two such developments with respect to fuels for 
electric generation that have assumed pre-eminence 
in the last few years are air pollution control and 
nuclear power. The nation’s concern about the need 
for cleaner air is resulting in legislation at Federal, 
state, and local levels mandating, among other 
things, the use of fuels having a progressively de- 
creasing sulfur content to minimize the emission 
of sulfur dioxide from electric power plants and 
industrial and residential heating installations, or 
the use of processes to reduce sulfurous emissions 
when fuels of higher sulfur content are used. Air 
pollution abatement will increase power generation 
costs which ultimately will be reflected in consumer 
rates, and will necessitate changes in historical fuel 
patterns as the demand for low-sulfur coal and 
oil tends to place undue strain on available short- 
term supplies. 


For the longer term, 1971 and thereafter, the 
problems of air pollution may be reduced through 
the development of commercial fuel desulfurization 
techniques and the development of commercial 
stack emission control systems to supplement the 
limited supplies of naturally occuring low-sulfur 
fuels. Because natural gas is virtually sulfur-free, its 
use as boiler fuel is receiving increasing attention 
by industry and by the Federal Power Commission 
which must find the public interest in balancing 
the need for cleaner air against conservation of a 
depletable natural resource. 

Nuclear power for electric generation has made 
and is continuing to make such impressive techno- 
logical progress that the projections of nuclear’s 
share of the fuel market in the 1964 Survey must be 
revised upward to a marked extent. The commercial 
development of fast breeder reactors will substan- 
tially alleviate the present factor of economically 
limited nuclear fuel reserves. 

Other noteworthy developments include the ris- 
ing trend in mine-mouth and midpoint electric 
plants with EHV transmission to distant load cen- 
ters; the increasing acceptance of gas turbines and 
pumped storage for peaking power; “total energy” 
systems; and _ technologic progress in coal 
gasification. 

The 1964 “National Power Survey” indicated 
that by 1980 nuclear capability would be supplying 
10 percent of ‘the Nation’s kilowatt-hour genera- 
tion.’ Our current survey indicates that this 10 per- 
cent point will be reached in the Southeast Region 
in about 1972 and that nuclear power will account 
for 46 percent of the total generation by 1980, and 
63 percent by 1990. This predicted growth is 
primarily the result of estimated reductions in the 
installed cost of large nuclear units from over $200 
per kilowatt prior to 1964 to generally estimated — 
figures of about $150 per kilowatt for plants to be 
completed in the 1967-1970 period. In the latter 
part of 1967 and early 1968, quoted prices for 


11964 N.P.S. Vol. 2 Adv. Report No. 15, pg. 177. 
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nuclear steam supply systems increased substan- 
tially, and at a more rapid rate than for similar- 
sized fossil units. This component cost increase 
apparently has not yet been a deterrent to the 
competitive position of nuclear plants. For purposes 
of this report it has been assumed that nuclear plants 
will continue to be competitive, for units of 800 
megawatts and up, although for comparable sizes 
and construction types, nuclear units will cost at 
least 20 percent more than coal-fired units. 

Current concern about air pollution and the 
probability of air pollution control regulation in 
most of the metropolitan areas within the next few 
years introduces a large element of uncertainty into 
current fuel-use forecasts. However, it seems safe to 
predict an even higher percentage of nuclear gener- 
ation, more interest in “mine-mouth” coal-fired 
plants remote for populated areas, more intensive 
development of low-sulphur fuel sources and emis- 
sion control systems, and generally higher energy 
costs for all electric utilities. These higher costs 
eventually must be borne by the consuming public. 

The Nation’s known coal reserves are more than 
adequate to meet all the needs of the electric utili- 
ties, and all other users, through and well beyond 
1990. Slightly over one-half of the Nation’s total 
reserves of bituminous coal is within the three eastern 
regions covered by the Committee survey, and about 
one-third of this reserve is in the Appalachian area. 

The long-term mine price of coal has trended 
downward until recently due to mechanization and 
improved productivity. (For the future, however, 
the results of this Committee’s survey indicate in- 
creasing cost of coal at plants for electric genera- 
tion.) This is particularly true for the Southeast, 
because of the long haul distances from mine to 
generating plant. 

Most electric utility coal moves by rail, and here 
the development and use of “unit trains” has re- 
sulted in important cost savings. Further develop- 
ment of this concept into high speed “shuttle” trains 
may result in some transportation efficiencies, al- 
though rates for coal are increasing at the present 
time. The practicality of pipeline transportation of 
coal has been proven by a 108-mile line which 
operated successfully for several years. Further de- 
velopments in pipeline transmission may well change 
the coal transportation picture considerably, Water 
shipments of coal have increased appreciably in 
recent years and are expected to continue as an 
important part of over-all coal transportation. 


The delivered cost of natural gas to electric utili- 
ties has remained relatively stable since 1960. The 
Committee’s survey indicates, however, that such 
cost is likely to increase. Gas is the easiest and least 
expensive of all fossil fuels to handle at electric gen- 
erating stations, and the burning of gas minimizes 
air pollution problems. The role of natural gas in 
generating electricity in the Southeast is contingent 
on adequate supplies, and other factors, including 
regulatory policy with respect to optimum use of 
this depleting natural resource. 

Fuel oil (residual) is of importance in power 
generation mainly in Florida. The future use of this 
fuel is contingent on Federal import policies and 
economic factors. Furthermore, domestic refineries 
now produce more profitable products from crude 
oil, resulting in less residual production. For these 
reasons it is expected that few new oil-burning utility 
generating units will be built. 

Table 10 summarizes the anticipated use of major 
fuels for electric power generation in the Southeast 


during the 1970 to 1990 period. 


Coal 


As a result of increasing efficiencies in the pro- 
duction, distribution, and transportation of coal and 
in its utilization for power generation, coal ac- 
counted for approximately 65 percent of fuel con- 
sumed by electric utilities in the United States in 
1966, on a total Btu basis. 

Each year sees increasing quantities of coal used 
for the thermal generation of power, and it is gen- 
erally accepted that, quantitatively, the trend will 
continue upward well beyond the period covered by 
this revision of the National Power Survey. The 
question is how it will relate, percentagewise, to 
other energy sources in response to changes which 
already are taking place in the energy mix, includ- 
ing the growth of nuclear power generation and 
growing pressures for the reduction of air pollution. 

For the types of coal conventionally used for 
power generation, recoverable coal reserves are 
more than adequate to meet all foreseeable require- 
ments far into the future. Reserves of low sulfur 
bituminous coals also are substantial. Because of 
higher mining costs and longer distances for trans- 
port, however, the costs of such coals will be higher 
and their availabilities will differ more or less di- 
rectly in relation to the levels of sulfur content es- 
tablished in pollution abatement regulations. Fur- 
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thermore, the characteristics of low-sulfur coal are 
not always suitable for all types of furnaces. 


Regional Distribution of Coal Reserves 


Coal-bearing formations are widely distributed 
throughout the nation (Figure 11). On the basis of 


quantity, about 70 percent of the reserves are west 
of the Mississippi River. These deposits, however, 
are principally subbituminous coal and _ lignite, 
whereas the eastern coals are bituminous and an- 
thracite. On the basis of calorific value, about 55 
percent of the total reserve is east of the Mississippi 
River. 


TABLE 10 


Coal, Oil, and Gas Fuels for Electric Generation—Southeast Region (Based on Survey by Fossil Fuel 
Resources Committee) Years 1966—90 


Southeast: 


Coal! (millionsiof: tons) aces ore eee ee 
Oulqmillionsio£ bbls?) hs. anis cree ee eters 
Gasi(billions of cuc:ft.).te aes ore at ioe welche peels 


Southeast: 


CoallGnillionsioftons) -eee rr eoee rie aoe oe eer ee 
QOilGnillions: of bbls!) eee ee ee ee eee. 
Gas) (billionsioficusit:) ssosmactkat at toec cea Tonner reer 


Southeast: 


@oalUGuillions*ofitons) eereeer eae eee ee 
OilsGmullions of bbls:) ease PES See eee 
Gas. (billtons' of cur ft?) vee earen aia eee ciao a ee 


Note.—Fuel quantities are based on kilowatt-hour 
generation by fuels and weighted average heat rates, respec- 
tively, reported on the F.F.R.C. questionnaire, and were 
computed using the following conversion factors: 12,500 


1966 1970 
Quantity Equivalent Quantity Equivalent 
tons tons 
Bt: 63. 2 63. 2 84. 6 84. 6 
sea 28. 0 7.0 22. 6 as 7) 
ape 140. 8 5.8 218. 4 9.0 
alia ohroySya ye ay are eer) 2ae LO, OB en cor oes SEE 
1975 1980 
ee 95. 4 95. 4 99. 6 99. 6 
rae LO 4.8 18.9 4.7 
sae 6s 214. 8 8.8 2298S 9. 4 
eT ae es 109: O'8.-ch cree Oe 113.7 
1985 1990 
oes 108. 4 108. 4 12135 121% 
isco Si 19.8 5. 0 18. 7 4.6 
Sccoace 340. 2 14.0 422. 2 17. 4 
ee ae sr Re Ak owe 12740, . See, cee 143.5 


Btu per pound of coal; 150,000 Btu per gallon and 42 
gallons per barrel of oil; 1,030 Btu per cubic foot of gas. 
The oil and gas equivalents per ton of coal are 4 barrels of 
oil and 24.3 MCF of gas, respectively. 
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Figure 11 


The coals of this region contain the largest reserve 
of high-quality, high-rank, coals in the United 
States. The estimated total remaining reserve in the 
Region is 271,000 million tons, approximately one- 
sixth of the total coal of all ranks in the country, on 
a tonnage basis, of which 95 percent is bituminous 
coal and the remainder Pennsylvania anthracite. 
The Appalachian bituminous coal reserve of 259,- 
000 million tons (129,500 million tons at 50 percent 
recovery) is 36 percent of total bituminous coal, of 
which approximately 84 percent, is high-volatile, 9 
percent medium-volatile, and 7 percent low-volatile. 
These coals generally have low moisture, and high 
calorific values that range between 12,500 and 
14,500 Btu per pound. These reserves will also serve 
the members of the Northeast, East Central, as well 
as the Southeast Region. 


Production and Consumption 


National production of bituminous coal and lig- 
nite has increased steadily since 1961 (403 million 
tons) to an estimated 551 million tons in 1967, the 
highest since 1958. Approximately 83 percent of 
total output is produced in the three eastern regions 
covered by the Fossil Fuel Resources Committee 


report, the great preponderance of which is in the 
Appalachian area; the balance is in Indiana and 
West Kentucky. 

Bituminous coal and lignite shipments to electric 
utilities currently account for 57 percent of U.S. 
consumption. Shipments from mines to electric util- 
ities in the Southeast Region (67 million tons in 
1967) by districts of origin and states of destination, 
are shown in Table 11. Shipments by districts of 
origin and methods of shipment are shown in 
‘Lable 12, 

Delivered Price Factors 


Prices at which coal is and will be available in 
different areas vary with differences in mining meth- 
ods and costs, quality, distances from point of ex- 
traction to points of utilization, and many other 
factors. Among the principal components of de- 
livered coal prices are (1) the f.o.b. mine prices of 
coal and (2) transportation costs. The following 
table indicates the relationship between these two 
factors and trends for the period 1961-1966 for 
bituminous coal and lignite for the United States 
as a whole and in the three regions covered by the 
fuels task force report (referred to below as 
“Eastern”’) : 


Total Average mine 
production Average value Average rail value plus 
Year (million tons) f.o.b. mine freight rate average rail 
rate 
US. Eastern U.S. Eastern! U.S. Eastern? US. Eastern 
VOGT i static ny «oe a eee a ease 403 336 = $4. 58 $4.64 $3. 40 $3. 45. “$7.98 $8. 09 
5 a NOR eae eae tere IE aero seh 422 352 4. 48 4, 56 Fe BM he 7. 80 1,95 
LOGS. croie ch omcls, « Raves ego rome ea 459 383 4, 39 4, 46 3.21 3. 28 7. 60 7. 74 
LOG4 eo Sais Si oyee ence dee oer 487 406 4.45 4, 52 ra A 3. 16 7. 56 7. 68 
LGD. Soe anita eae ae ae Beers 512 426 4, 44 4. 54 Book d Say ToL ae 
1966. .:.c ton neasedic Bae ee aac ee 534 442 4, 54 4. 65 3. 01 33.05 7255 7270 
1 Excludes Illinois. 3 Preliminary. 


2Tncludes Illinois. 


Mine-Mouth Power Plants 


The location of power generating facilities in 
coal-producing areas, at or near the mines, has been 
practiced for many years on a more or less localized 
basis. With important technological advancements 
in EHV transmission which permits the distribution 
of power over increasingly greater distances, and the 
further development of intertie, or grid systems, the 
potentials for increased growth of the mine-mouth 
concept have been broadened significantly. Table 13 


shows “mine-mouth” plants with units of 500 mega- 
watts or more that serve or will serve loads in the 
Southeast Region. 

“Mine-mouth”’ plants have many advantages to 
both the coal and electric power industries. Among 


these are lessening of air pollution problems, par-. 


ticularly in those metropolitan areas in which gen- 
erating facilities to meet increasing consumer de- 
mand would otherwise be located. They reduce the 
need for and the cost of transporting and handling 
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TABLE 11 


Shipments of Bituminous Coal to Electric Utility Plants—Southeast Region (By Districts of Origin and 
States of Destination) Year 1967 


[Thousand net tons] 


Districts of origin ! 
States of destination 


Total 7 8 9 10 13 
Southeast: 

a RDOVaTESKING: Ris Bitac Se Te eo eee 1 ASU ua AA AO er 7, 665 6, 375 46 691 
Miabamia and’ Maississipps .. 62)451¢08 alte ee ene Cadet oes 145590 Wis eens 108 6, 235 21 8, 186 
\UATWeaTeSTIS oo iets ooo a ORE re cncny oD che 2d. srocta or ic eae 8, 896 811 Pa Ooo re ie ts a a ai ay een 
INonthiCarolinaeerawresrr ee Param te peo emcees oreo a nc 14, 349 882 LSEAG later deka Peete Psi 
HOUtaeGarolinaeey. seats ek. cee ain ae Ree suchas rence 3, 877 19 OOOO a est Rica is saa ke hogs ce ei 
Georgiatand) Bloridas aera nic Sees eee Cee eee stad TOO OS Peep ces aos Ds O59 area 129 

fRotal Southeast mae ered ae eae eas eee 66,968 1,712 38, 514 17, 669 67 9, 006 


at” electric utilities represent coal in transit, consumption 
from stocks, and other balancing factors. ) 


1 See Appendix D. 
Source: Bureau of Mines, Department of the Interior. 
(Any differences between “‘shipments to” and “‘consumption 


TABLE 12 


Shipments of Bituminous Coal to Electric Utility Plants—Southeast Region (By Districts of Origin and 
Method of Shipment) Year 1967 * 


[Thousand net tons] 


Methods of shipment Percent Total 7 8 9 10 13 
Southeast: 
ATCT ail ewer artes cook sete c uc Scns. setae 73 49,227 1,712 36, 945 LL OORT er 3, 410 
IRUVETANGICX-LIVELALT rere -eeiiieia ore 22 14) 649 gatas i eat hee 10, 509 67 4, 073 
Abo ee ac Bee ete akeo o le aie oem ae eee 3 1990 Bey ae csine Are oo tee lavas See ene cs 421 
EPP AINWAVs ClC.a crores <0e erersbs they Jered ae eae eucle ota 2 ESO D2 Sve gure ee ah amir enCee, aries cir utiaes 228 We CRC R CSAC 1, 102 
sVotal@Southeast. erpace set ne het aera 100 665,968 lee? LZ 38, 514 17, 669 67 9, 006 


1 Source: Bureau of Mines, Department of the Interior. 2 Tramway, conveyor, and private railroad. 


TABLE 13 coal in bulk form, as well as problems of storage and 


Mine-Mouth Electric Plants With Units of 500 
Megawatts Capacity and Over—Southeast 
Region * 


Plant Megawatts Operational Operator 


Paradise No. 1..... 700 1963 TVA 

Paradise No. 2..... 700 1963 TVA 

Paradise No. 3..... 130 1969 TVA 

Mt. Storm No. 1... 570 1965 VEPCO 

Mt. Storm No. 2... 570 1966 VEPCO 
aiotaleeeee 3, 670 


1 There are several additional mine-mouth plants with 
units of less than 500 megawatts. Source: FPC “‘Steam- 
Electric Plant Construction Cost and Annual Production 
Expenses” various annual supplements. 


ash disposal in metropolitan areas. They give coal 
an increased and “captive” market which other- 
wise might be served by competing energy sources. 
They also make coal generated power available for 
the encouragement of economic enterprises over 
wider distances, from the local producing areas all 
along the line to distant consuming markets. 


Natural Gas 


The continued importance of natural gas to the 
fuel economy of the electric industry is unquestioned 
notwithstanding the phenomenal growth of nuclear 
power projected in the next two decades. The rel- 
atively pollution-free quality of natural gas has en- 
hanced its value for producing electric energy, at 
least for the short term. 
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Natural gas requirements for all purposes in the 
United States during the next two decades are ex- 
pected to increase at an average annual rate of 
approximately three percent, rising from 17.8 tril- 
lion cubic feet in 1966 to 36 trillion in 1990.* Gas 
as fuel for electric generation represented 14.6 per- 
cent of total U.S. natural gas requirements in 1966. 


Reserves 


Proven recoverable reserves of natural gas in the 
United States, exclusive of Alaska and Hawaii, 
approximated 286 trillion cubic feet as of Decem- 
ber 31, 1966, according to estimates of the Commit- 
tee on Natural Gas Reserves of the American Gas 
Association.* This is equivalent to about 12,000 mil- 
lion tons of high grade bituminous coal and is 
sufficient to last about 16 years based on 1966 net 
production of 17.5 trillion cubic feet. . 

The additional gas that ultimately may be dis- 
covered and produced—the potential gas supply— 
has been estimated as 690 trillion cubic feet as of the 
end of 1966. This estimate was made by the indus- 
try’s Potential Gas Committee under the sponsor- 
ship of the Mineral Institute of the Colorado School 
of Mines, and represents gas supply not proved by 
drilling and therefore classified as “probable,” “‘pos- 
sible,” or “speculative” depending upon geologic 
conditions and degree of exploration.t The Com- 
mittee’s estimate by supply areas and classifications 
is as follows (trillion standard cubic feet) : 


East Central West Total 


Probables 55 220 D5 300 
Possible msec tre on ee ne eee 170 40 210 
Speculative....... 60 80 40 180 

‘Lotallae 115 470 105 690 


The East supply area in the foregoing tabulation 
is approximately coterminous with the Northeast, 
East Central, and Southeast Regions of the National 
Power Survey study. 


*Future Natural Gas Requirements of the U:S:, Volk 
No. 2, June 1967. 

* Potential Supply of Natural Gas in the United States 
as of December 31, 1966, prepared by Potential Gas Com- 
mittee. 


Gas for Electric Generation 


Natural gas as fuel for electric generation in the 
United States during the five-year period from 1961 
to 1966 increased from 1.8 to 2.6 trillion cubic feet,° 
an average annual growth rate of 7.4 percent for the 
period. The gas used for electric generation repre- 
sented 14.6 percent of total natural gas requirements 
of 17.8 trillion cubic feet in 1966. 

In the Southeast, it is estimated that gas for elec- 
tric generation will increase from 141 billion cubic 
feet in 1966 to 422 billion in 1990.° 

To the extent that natural gas for electric gen- 
eration is off-peak or “valley” gas, it tends to pro- 
mote pipeline economy by permitting a higher load 
factor operation than otherwise would be possible if 
pipeline loading were determined solely by gas con- 
sumers’ daily and seasonal requirements. This re- 
sults in lower rates for gas service to consumers. 

The Federal Power Commission, which has juris- 
diction over gas use through its regulation of inter- 
state pipelines, has in special situations authorized 
some additional gas for use in electric generation. 
The Commision’s policy in this respect is to deter- 
mine the public interest in each individual case, bal- 
ancing long-term conservation against short-term 
benefits of air pollution control and fuel economics. 

The price of gas at the wellhead and to the con- 
sumer, including electric utilities, has remained 
relatively stable since 1960, as shown below.” 


Average Wellhead and Consumer Price of 
Natural Gas 


Consumer cost by class of service 


Average (cents/MCF) 
wellhead 
Year (cents/ Resi- Com- Industrial 
MCF) dential mercial (including 
electric 
utilities) 
1960 Ske ae 14.0 97 ce) 33 
NOG oo E53 100 78 34 
1962.2 shea L535 100 79 35 
1965 Puan: 15. 8 100 79 35 
1964 F246, 3.2 15. 4 100 78 34 
1965 Fees 15.6 100 78 ae 
19665 nats: ise) 100 77 35 


* Ibid. 

° Federal Power Commission: Electric Power Statistics. 

° The increased usage of gas predicted by Southeastern 
Utilities in early 1968 when this report was prepared, has 
already been exceeded. Please see Addendum at the end 
of this chapter for current (June 1969) comments on gas 
and oil usage. 

7 American Gas Association, Gas Facts, 1966. 
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Coal Gasification 


Technology for producing low-Btu synthetic gas 
from coal has long been available. The major em- 
phasis in the development of coal gasification proc- 
esses today is on the production of high-Btu gas 
with a minimum heating value of 950 Btu per cubic 
foot. A product of this quality could be blended 
with natural gas without seriously diminishing unit 
heating value, and could be transported econom- 
ically through new or existing pipeline systems from 
points of manufacture to centers of consumption. 

For different reasons, government, coal interests, 
and elements of the natural gas industry have joined 
to support research and development in coal gasifi- 
cation: government—to broaden the energy re- 
source base; the coal interests—to develop new 
markets for coal; and the natural gas industry—to 
insure a long range supply of economical gaseous 
fuel. There has been a significant increase during 
the past five years in efforts directed toward coal 
gasification. 

There are several reasons why coal is receiving 
favorable consideration: 


1. Coal is an abundant indigenous resource. 

2. Coal prices tend to remain relatively stable. 

3. Coal is a relatively inexpensive feedstock for 
gasification processes. In most areas of the 
country coal or lignite is available at 10 to 
20 cents per million Btu at the mine, 
whereas the price of the lowest grade petro- 
leum product that might be used as feed- 
stock for gasification is 40 to 50 cents per 
million Btu. 


At present, the cost of manufacturing gas can 
only be estimated. With coal at 15 to 16 cents per 
million Btu the cost of producing gas by any one 
of the proposed gasification processes would be 
about 50 cents per million Btu. Depending on the 
size of the plant, the price of coal, credits for by- 
products (sulfur), assumed rate of depreciation, 
and anticipated average return on equity capital, 
synthetic pipeline quality gas might be as low as 40 
cents per million Btu. At present, the average price 
of natural gas available for resale near centers of 
consumption is 35 cents per million Btu. 


Residual Oil 


The outlook for residual oil for electric genera- 
tion has been somewhat dimmed by two major 
developments since the National Power Survey was 


issued in 1964. First, the sudden emergence of en- 
vironmental quality as a major public concern and 
the resulting emphasis on low-sulfur fuel. Second, 
the widespread acceptance of nuclear power with its 
economic incentive and its appeal as a pollutant- 
free source of energy, notwithstanding certain 
urban siting problems still to be resolved. The im- 
pacts of these and other developments are reviewed 
in this study. 

Domestic residual fuel oil production dropped 21 
percent between 1960 and 1966 despite increased 
refinery crude runs, as refineries converted their 
residuum to more economically attractive products. 
Asphalt production increased almost twice as fast as 
crude runs, while coke production grew almost 
three times as fast. 

Electric utilities reporting to the Federal Power 
Commission increased their use of residual oil for 
electric generation from 86 to 141 million barrels 
between 1961 and 1966. The annual rate of increase 
was much greater in the later years but averaged 
10 percent for the period.* Most residual oil is used 
in the coastal states where large tanker deliveries 
from Venezuela and, more recently, from Africa, 
minimize transportation cost. 

Electric utilities in the Southeast included in the 
recent survey conducted for this report estimate 
that during the next two decades the amount of 
residual oil for electric generation will decrease both 
in absolute value—from 28 million barrels in 1966 
to 19 million barrels in 1990—and percentagewise 
from 8 percent to 1 percent of total generation.° 


Oil From Coal and Shale 


Potential synthetic crude oils processed from re- 
serves of coal, oil shale, and tar sands afford greater 
national security than the alternative of increasing 
reliance on oil imports. Industry sources estimate 
that 2.5 trillion barrels of synthetic oil could be 
recovered from United States coal reserves, plus 
650 billion barrels from U.S. oil shale and 300 bil- 
lion barrels from Canada’s tar sand.1° Synthetic 
crudes are not expected to be significant fuels for 
power generation in the Southeast before 1990. 


* Federal Power Commission: Electric Power Statistics. 

® The downward trend for oil predicted by Southeastern 
Utilities in early 1968, when this report was prepared, 
has not materialized. Please see addendum at the end of 
this chapter for current (June 1969) comments on gas 
and oil usage. 

2 National Coal Association: Coal News, March 1, 
1968. 
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Nuclear Power 
Introduction and Summary 


Nuclear power technology progressed steadily 
from the days of the Shippingport, Dresden, 
Yankee, and Parr prototype generating stations of 
the late fifties and early sixties till about the end of 
1965. At this point, a combination of competition 
in the budding nuclear industry, practicable light 
water reactor systems, and electrical system de- 
mands for large, economical units coincided. The 
result was an unparalleled surge in the industry to 
“go nuclear.” During 1966, nearly one-half of the 
generation capability ordered was nuclear.*! This 
phenomenal growth has been characterized by a 
broad and intensive industrial participation, with 
an awareness that the associated manufacturing 
and uranium industries must develop rapidly to 
meet the demand. Similarly, the need has become 
evident for fast breeder development to improve 
nuclear fuel resources utilization and to better 
utilize the expected plutonium production of the 
present generation of light water reactors. The rela- 
tive availability and cost of fossil and nuclear fuels, 
improved capital investment aspects of larger 
nuclear systems, and the impact of air pollution on 
public opinion have been major considerations in 
fossil versus nuclear decisions. Indications are that 
nuclear power will assume an ever increasing role 
in power production, with a gradual transition to 
the economically advantageous fast breeder systems 
as that technology develops, predicted for the 
1980's. 

The great strides made in nuclear technology 
and the foresight of the Federal Government in 
encouraging private industry to put the nuclear 


industry on a free enterprise basis have gone far - 


toward making nuclear power economically com- 
petitive. Fast-rising future energy requirements 
place even greater demands on development of 
nuclear power, and exploitation of all our fuel 
resources, and thus charges government and in- 
dustry with having to meet these needs through 
the use of advanced concepts such as the fast 
breeder system, and more economical construction 
and operating techniques. 


% The State of the Nation’s Power’—C. P. Avila, 
President EEI, speech to N.Y. Society Security Analysts 
January 17, 1968. 


Operating Experience 


Construction was started in April 1960 on a 
17,000-kilowatt heavy water moderated and cooled 
pressure tube reactor project at Parr, South Caro- 
lina. The project was designed and built by 
Carolinas-Virginia Nuclear Power Associates 
(South Carolina Electric and Gas Company, Duke 
Power Company, Carolina Power and Light Com- 
pany, and Virginia Electric and Power Company). 
The project began producing electricity in late 1963 
as part of a 5-year operating research program. 
Saturated steam generated in the reactor was super- 
heated by fossil fuel at the Parr steam-electric 
plant. Valuable experience was obtained from op- 
eration of the reactor. On December 31, 1967, the 
reactor was decommissioned. 

As of January i, 1968, there were 16 operable 
nuclear power stations in the United States totaling 
2,810,000 kilowatts of capacity.1? Units range in size 
from about 10,000 to 500,000 kilowatts of electrical 
generating capacity. The 462,000-kilowatt Con- 
necticut Yankee Unit No. 1 (Haddam Neck, Con- 
necticut) achieved criticality on July 24, 1967, and 
reached full power in January 1968. The 430,000- 
kilowatt San Onofre Plant of Southern California 
Edison and San Diego Gas and Electric went into 
regular commercial operation shortly after its dedi- 
cation in January 1968. In 1967 the Peach Bottom 
(Phil. Elec. Co.) high temperature gas cooled re- 
actor went into commercial operation, demonstrat- 
ing the practicability of this concept. However, most 
of the reactor systems in operation are of the light 
water cooled and moderated variety. Experience 
from the pioneer 90,000-kilowatt Shippingport 
Plant (Duquesne Light Co.—1957), the 200,000- 
kilowatt Dresden Plant unit (Commonwealth 
Edison Co.—1959), and the 175,000-kilowatt 
Yankee Rowe Plant (Yankee Atomic Co.—1962) 
has shown over a period of years the practicality and 
dependability of light water reactor systems. Con- 
solidated Edison’s 265,000-kilowatt Indian Point 
Unit One (1962) is also building an impressive 
operating record. Operating, maintenance, and 
availability experience of these units has been such 
as to convince the electric utility industry that its 
new generating requirements can be met safely and 
reliably by nuclear power. 

Twenty-three nuclear units are planned to go in 
service by 1975 in the Southeast. 


** AEC Release January 11, 1968. 
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Nuclear Fuels 


A milestone with significant beneficial effect on 
the electric power industry occurred with the passage 
of the Private Ownership of Special Nuclear Ma- 
terials Act of 1964. This permits the orderly transfer 
from Government to private ownership of enriched 
uranium and plutonium produced by irradiation. 
The following table shows the timing of the related 
changes: ** 


TIME-TABLE 


Private ownership permitted______ 

Toll enriching of privately owned 
uranium can begin. 

AEC prohibited from entering into 
new lease agreements for power 
reactor fuel. 

AEC guaranteed purchase price for 
plutonium will terminate. 

Private ownership of special nu- 
clear material mandatory, all 
prior lease arrangements must 
terminate. 


August 26, 1964. 
January 1, 1969. 


January 1, 1971. 


December 31, 1970. 


July 1, 1973. 


This legislation already has generated, and will 
continue to generate, desirable competition in the 
nuclear fuel industry. The only component of the 
fuel cycle still in government hands is the enrich- 
ment process, and the Atomic Industrial Forum 
with the AEC has initiated a study of the feasibility 
and desirability of transferring to private industry 
one or more of the government’s gaseous diffusion 


8 The Nuclear Industry—AEC, 1967. 


plants for fuel enrichment. The utilities are exhibit- 
ing an increased independence from reactor sup- 
pliers in making arrangements for reactor fuel 
loadings beyond those contracted for at the time of 
placing the nuclear steam supply system orders. The 
options available to utilities range from that of the 
reactor manufacturer’s full fuel cycle service to that 
of the utility controlling many of the major steps in 
the fuel cycle. Recently, many of the companies 
involved in the nuclear fuel cycle industry an- 
nounced plans for moves into, or expansions, to 
handle the new requirements. This, combined with 
the transition by the uranium supply industry from 
the guarantees of a government supported to a 
private market, is expected to have a long-range 
favorable effect on nuclear fuel economics. 


Summary 


Table 14 summarizes the anticipated energy 
source for electric power generation in Region III 
for the 1970 to 1990 period. 


Addendum 


Preparation of the Fuel Resources report began 
by the Fossil Fuel Resources Committee in June 
1967 and drafting of the report was concluded in 
April 1968. The focal point of the report was a 
questionnaire on expected fuel requirements, which 
was designed by the Committee and mailed in the 
fall of 1967 to all electric utilities involved. The 
questionnaire and the data obtained from it are 


TABLE 14 


Electric Generation by Type of Fuel and Hydro Power—Southeast Region (Based on Survey by Fossil 
Fuel Resources Committee) Years 1966-90 


1966 1970 1975 1980 1985 1990 
Billion Billion Billion Billion Billion Billion 
Kwh Percent Kwh Percent Kwh Percent Kwh Percent Kwh Percent Kwh 
Thermal generation: 
(ote fea ee ae 161.1 73.6 218.1 74.7 245.8 57.0 259. 4 41.8 282.3 32. 9 316. 4 26.9 
COU NE og ptt ner ai i et OE a 18. 0 8.2 14.7 5.0 12.4 2.9 12.4 2.0 13.0 1.5 12.3 1.0 
(Or hen ae eee Se 14.8 6.8 23. 2 7.9 22.8 6.3 24. 6 4.0 36. 5 4.3 45.3 3.9 
IN TLCI ORT eee nn sae ee in ee nk SOS ane ees, (he 2.5 114, 5 26.6 286. 7 46.3 487.2 56. 8 761.3 64.7 
interial COMpUStION see t ea eee = ee 3 1 ca eee aN a Ae SA asp jute ads A? At epee a le ae 
TROL eae ee en ogee 193. 9 88. 6 263. 5 90. 2 395. 6 91.8 583. 2 94.1 819.3 95. 5 1135. 6 96. 5 
Hydro generation: 
Conventional_-.__..-__._- 25. 0 11.4 28. 7 9.8 31.8 7.4 31.8 5.1 29. 7 3.5 27.5 2.3 
ETE DOG SLOT AL Oot ieee ee eae eo Ste ee ee ee 3.6 .8 4.8 8 8.8 1.0 13.8 1,2 
TL Ota lle sue nae oa 25. 0 11.4 28. 7 9.8 35. 4 8.2 36. 6 5.9 38. 5 4.5 41.3 3.5 
Total generation. ____.__ 218.9 100. 0 292, 2 100, 0 431.0 100, 0 619. 8 100. 0 857.8 100. 0 1176.9 100. 0 
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described in greater detail in Part III of the Fuel 
Resources report. The survey was conducted in- 
dependent of and prior to surveys conducted by 
the Task Force on Load Projection and the 
Task Forces on Patterns of Generation and 
Transmission. 

The statistical tables presented in the report re- 
flect future projections which are the sum total of 
the projections provided by the individual systems 
to the Committee in response to the questionnaire. 
This report, therefore, is essentially a reflection of 
the future fossil fuel supply and demand picture 
as seen by the utility users in the winter of 1967-68. 

Since the report was completed, much has hap- 
pened. Use of electric power increased more rap- 


idly than expected. Nuclear power delays showed 
up. Air pollution control programs accelerated. 
Rail freight, and coal costs went up. Residual fuel 
oil prices went down markedly, and more low sul- 
phur oil became available. As a result, electric 
utility fossil fuel consumption figures for 1967 and 
1968, which have now become available, show that 
some of the fuel usage deviated significantly from 
those initially presented in the report. 

The following tabulation is taken from Table 
10, and covers the Southeast Region and is sup- 
plemented by actual figures on fuel consumption 
by those electric utilities for the years 1967 and 
1968. 


“Consumption of Fuels—Southeast Region ’ 


Actual Forecast 
1966 1967 2 1968 2 1970 1975 1980 1985 1990 
Coal ss eet eee eee 63. 2 62. 6 72.0 84. 6 95.4 99. 6 108. 4 12785 
OU tee eee 28. 0 3152 35.6 2256 19. 1 18.9 19.8 18.7 
Gas fon. Seo ee ie ee 140. 8 168. 0 232. 0 218. 4 214.8 229. 3 340. 2 422.2 


1 Fuel quantities in millions of tons of coal, barrels of oil, 
and MCF of gas. 


From the above figures it is evident that, at least 
for the short run, fuel oil consumption in the South- 
east Region has taken a decided upward trend. 
Note also that natural gas consumption in the 
Southeast for 1968 has already exceeded the annual 
usage rates predicted for the period 1960 to 1980. 
Some of the reasons explaining these newly indi- 
cated trends have been noted above, and are dis- 


2 Actual data published by FPC subsequent to completion 
of the report. 


cussed more fully in the Preface to the Fossil Fuel 
Resources Committee Report. 

Because the initial figures included in this report 
present industry’s own evaluation and expectations 
based on information available at the time, the 
Fossil Fuel Resources Committee felt that there was 
merit in publishing those figures without change, 
but including actual usages available to date for 
comparison. 
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APPENDIX A 


Summary of Seasonal Capacity Exchange Potential—Megawatts 


Year 1 


1970 


Summer peak load less winter peak load.................... 
Capacitysexcnange Potential? i, vacate es edna oa ws ee 
Wesstexistinegor,plannediexchanveaaa dame samen eat a eee ieciene ae AS chen e 
Neca pacityslOreXChang Grin. iy- nna meee sie eee rsich sere tore ee 


1975 


Summer peak load less winter peak load.................... 
AD ACILV ENG Lange DOteM tal 2 sare ance ten- eke a seiy oie icin he nea 
Wesstexistiuggorsplanned exchanpe mire tre eee eter ce sc acne rete aig ace tate 
NeLiCapacity 10k ©XCRANGE 6. tii si. eat © kets So sisyetesae dG. o days 


1980 


Summer peak load less winter peak load.................... 
Gapacityexchange potential 3.0 cats acts ae opie tains ee eo! » 
Wesstexistinpworplanned exchangerpmcicry mies cease ata oe nreracleisie «aie te ice 
INetcapacitve(or exchange srpeeriertechar ee ate srdle Secnsceaie cle 


Summer peak load less winter peak load.................... 
@apacity exchange potentiall?: 575-8 saa ccs sorted om sone 
essrexistingtorplanned. exchange mcm cma <i) eno ane eae ecient eich as eee Mitte 
Netecapacity for exchanger .20 soy aye tac eee eee 3 se Ss 


1990 


Summer peak load less winter peak load.................... 
apacity excnange potential 22,7 o.oo Sabres Cee p eos 
MesshexistinpsOrgsp anned exchange ges ye cl oa tte ie heuctepertol is cheer ace eae tear ere f 
INeticapacity for exchange. ie = om. esile =e retell sersasie int - 


1 Calendar year, except use greater of December, following 
January, or following February. 

2 After maintenance: S=Summer capacity; W= Winter 
capacity. 

3 Capacity required by reserve over peak is for 
maintenance. 
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356-239 O - 71 - 23 


* Including 1,500 MW outside Region III. 
5 Including 1,750 MW outside Region III. 


6 As estimated by TVA. 


Carva Florida Southern TVA Total 
ee oy SETS) 750 1,570 (2, 630) 
uh 3 None 3 None 310W 61, 800S 
300W 41, 800S 
ye 3 None 3 None 10W None 10W 
ae 2, 241 340 1,980 (4, 200) 
aioe 3 None 3 None 452W 6 1, 800S 
300W 41, 800S 
er: 3 None 3 None 152W None 152W 
abs 3, 796 375 2, 861 (5, 460) 
5 ae 3 None 3 None 491W 2, 2438S 
300W 52,0508 
a te 3 None 3 None 191W 1938S 28 
PR Rae. 470 4,116 (6, 650) 
i eeeNone 3 None 536W 2, 630S 
300W 52,050S 
eer 3 None 3 None 236W 580S 3448 
sictees 8, 678 710. ~=+5, 561 (7, 880) 
Saeki 3 None 3 None 607W 3, 068S 
300W 52,050S 
Brae 3 None 3 None 307W 1,018S 7118 


Carva Pool Seasonal Exchange Potential * 


iii ee ee 
OONODOPWNHKH OKO MANDO PhwWh = 


Nw 
oe =) 


. Peak:hour:load} (summer) MW Area csieniete tae ae 
«Opposite: peaki (winter) Ml Winac csi irate tree 
, Resérve——rercent of peak loads... -7 iat ete e ei ccs. 
« Annual. growth—Percent.... (ace ae rer eee eae 
. Capacity—June—December (7 months) percent......... 
. Capacity—January—May (5 months) percent........... 
. Base capacity (7 X (5) + 5 (6)) percent-months........ 
= Steam maintenance requiredy. see ee err 
p Steam Capacity—Percent of tOtaky.. of ae i ee 
. Maintenance requirements—Percent of (7)............. 
. Maintenance requirements—Percent-months............ 
. Available for maintenance—Percent-months............ 
. Less 5 months @ ((5) — (6)) percent-months........... 
. Less maintenancemequirementsy(l)) ener eer 
. Net for/exchange—Pescent-months! - 5. i200 02 sages. 
+ Net for,exchangei((15) =-a2)) percent ti. es ie 
Net for’exchange (16) PN U Wisse eer ce 
= iLess 015" X (seasonal capacity difference) %.... .-)t 
Exchange potential—M Wim nane en si eater ieee 
. Existing and planned exchange—MW................-. 
= Net. exchange: potential——-MW ii, 4.25 « <n ee = 


1970 1975 1980 1985 1990 

... 15,140 22,940 33,532 48, 389 70, 241 
... 13,959 20,699 29,736 42,447 61, 563 
eo ieend A! 15.0 15.0 15.0 15.0 
Re 8.7 7.9 7.6 La 7.6 
uk NTIS IO 115.0 115.0 115.0 115.0 
i tees05.8 106. 6 106. 9 106. 8 106. 9 
... 1,334.0 1,338.0 1,339.5 1,339.00) syaggam 
Pst Tt 8. 57 8. 90 9. 41 9.71 
Ye $8322 87. 0 87.0 87. 0 87.0 
seein dy BPS: 7.59 7.87 8. 32 8. 58 
Cae OOGA 101.5 105. 4 111.4 114.9 
~o# BH120,0 120. 0 120. 0 120. 0 120. 0 
ee “46.0 42.0 40.5 41.0 40.5 
en yt 0654 101.5 105. 4 111.4 114.9 
coven (22.4)0 ~ (23, 5m nite ( 25.9 eee (35. 4) 
ee 0 0 0 0 0 

0 0 0 0 0 

0 0 0 0 0 
oe, 0 0 0 0 0 

0 0 0 0 0 

0 0 0 0 0 


1 This analysis is a method of approximation to determine whether more specific studies are needed. 


Peninsular Florida + 


Onno PWN = 


© 


1 This analysis is a method of approximation to determine 
whether more specific studies are needed. 

2 Steam maintenance times per unit steam plus other 
Capacity in per unit times 1%. 


beak hourload (summer) UVLWier eee a nee 
- Opposite peak = (winter JeNMIWioe se eee el oer ere 
. Reserve—Percentiof peakiload o2).7 79. oe. oe ae eee 
. Annual growth—Percents).; 26 ao... «so eeenes Gly meas ae 
. Capacity—June—December (7 months) percent......... 
. Capacity—January—May (5 months) percent........... 
. Base capacity (7X (5)+5X (6)) percent-months......... 
. Steam maintenance required—Percent................. 
- wteaMl Capacity——Percent Of t6tal. t..25. ce to oe ee 
10. Maintenance requirements—Percent of (7)?............ 
11. Maintenance requirements—Percent-months *..,....... 
12. Available for maintenance—Percent-months ‘........... 
13. Less 5 months at ( (5)—(6) ) percent-months........... 
14. Less maintenance requirements \(1!)... chin =. «ee 
15. Net for exchange—Percent-months.i5...0 4.0 ea ee 
16. Netfor exchange (\.(15)--12) percent. gy. aces 
17. Net for exchange’ ( (16) (13) MAW. eerie a 
18. Less 0.5X (seasonal capacity difference)... ............. 
19.) Exchange potential=—M Wn. ose wera ere ee 
20. Existing and planned exchange—MW................. 
21, Net exchange potential—MW Jy .5 4-0 0) Aopen 


1970 1975 1980 1985 1990 
... 8,520 13,340 20,065 29,255 41, 490 
... 8,270 13,000 19,690 28,785 40, 780 
Wie He. 34 29. 1 25. 3 20. 2 19. 4 
et A100 9.5 8.5 7.9 7.2 
‘wok DASE I 129. 1 125.3 120. 2 119.4 
-.. 124.0 124. 1 116.5 116.5 113.8 
Paee ne SN 7 1, 524 1, 460 1, 424 1, 405 
oe 6.0 6.2 6.8 7a 7.4 
UNIO 5 6) 08:5 98. 8 98. 7 99. 1 
oe 5.9 6.1 6.7 7.0 7.3 
Oi 3895 93. 0 97.8 99.7 102. 6 
ae 99 92 88 89 91 
semua 2023 25.0 44.0 18.5 28. 0 
xe £8905 93. 0 97.8 99.7 102. 6 
wet (110). 5 926.0) = (G358) oa (39. 6) 
ae (0.5) (2. 2) (4. 5) (2. 4) (3. 3) 
rs 0 0 0 0 0 
a 0 0 0 0 0 
sf 0 0 0 0 Ca 
hod 0 0 0 0 0 


3 Base percent-months of capacity times weighted percent 
(line 10). 

‘ From Chart of percent load each month—zero at peak 
month. 
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Southern System Seasonal Exchange Potential 2 


Let cel cece ee cel ee cel ee 
OMANODOURWNK OC UWMWN DOH WNH = 


N bh 
Lee =) 


1 This analysis is a method of approximation to deter- 
mine whether more specific studies are needed. 

* Steam maintenance times per unit steam plus other 
capacity in per unit times 1%. 


we Leakshourloada(summern) MWe yee a ciclo icc te alae 
, Choose jaxealls (VARTA RIAN oo oc anaaacnoconuoomeobecc 
apixcserve—_ bercent of peaks load on aaari arias aati ee a 
SPAT nal orOw th berCen tr ter hee ean eee sere 
. Capacity—June—December (7 months) percent......... 
. Capacity—January—May (5 months) percent........... 
. Base capacity (7 (5)+5 (6) percent-months........... 
> steam maintenance required—percent , ... 4.2. bese s oo 
eo calicapacity—— -ercent ot total sae tartan eer 
Maintenance requirements-Lercent of (7)'70.......%.,. 
. Maintenance requirements—Percent-months 3.......... 
. Available for maintenance—Percent-months *........... 
. Less 5 months @ ((5)—(6)) percent-months............ 
mess maintenance requirements (1). 52, scveec sac eo on 
feNetlor exchange—percent-months.: 2... 9s os ee oes 
mw Nettorexchanger((15))=— 1 2)ipercent. 4) eile ei 
5 INGE ore Seloginreey (UEC GU) IMM oc coaoosuéconscaouo ee 
mlizessi0-) (Seasonal Gapacityaditierence iy nein cree 
mxchange potential—-MW yao ae Woe cpus sie tess eyee oi 
. Existing and planned exchange—MW................. 
meet exchange potential——M W) jen. .6)- 6 oe ries ee isa ses 


1970 1975 1980 1985 1990 
... 11,786 16,616 24,076 34,616 47, 356 
... 10,216 14,636 21,215 30,500 41, 795 
*. 13.5 14.0 14.5 15.0 15.5 
ne 8.8 8.5 8. 2 7.9 7.5 
5 113.5 114.0 114.5 115.0 115.5 
ee, 104. 3 105. 1 105. 8 106. 6 107. 4 
oe 1, 316 1, 324 1, 330 1, 338 1, 346 
a 432 7.78 8. 31 8. 65 8. 90 
ae: 76. 4 79.2 82. 5 85. 1 85. 4 
ae 5. 83 6. 37 7. 03 7.51 7.75 
Cae 76.7 84. 3 93. 5 100. 5 104. 3 
ae 166. 5 166. 5 165. 0 163. 5 162. 0 
a 46. 0 44,5 43.5 42.0 40.5 
ae, 76.7 84. 3 93. 5 100. 5 104. 3 
ot 43.8 S727 28. 0 2120 722 
ce 3.65 3. 14 2. 33 1.75 1. 43 
ae 430 522 561 606 677 
or 120 70 70 70 70 
ae 310 452 491 536 607 
ae 300 300 300 300 300 
oh 10 152 191 236 307 


3 Base percent-months of capacity times weighted percen 
(line 10). 

4 From chart of percent load each month—zero at peak 
month. 


TVA System Seasonal Exchange Potential * 


OMOND OP OND — 


! This analysis is a method of approximation to determine 
whether more specific studies are needed. 

Steam maintenance times per unit steam plus other 
capacity in per unit times 1%. 


peeeakghourloadi(wainter,) WiVWieeere ere eens eee trate 
© Pposite; peaks (Sumaner) elena eet rey rire eke 
meveserve——Percent of peak load nice tii ecobites Pio ole rs 
> ANSTeUEl Pave aoc os goes pagobo Strode domuccac 
. Capacity—October—June (9 months) percent........... 
. Capacity—July—September (3 months) percent......... 
. Base capacity (9 & (5) + 3 X (6)) percent-months...... 
2) pteamemaintenance required—percents.. - 2 os 6 cane es 
woteam Capacity—f ercent of total... 5. fumes «ose ess eee «= 
10. Maintenance requirements—Percent of (7)?............ 
11. Maintenance requirements—Percent-months?.......... 
12. Available for maintenance—Percent-months............ 
13. Less 3 months @ ((5) — (6)) percent-months.......... F 
besLess maintenance requirements (11)... 2.2005. ote oe 
fos Netforiexchange—-Percent-months 55. 255 he. 02 sees» 
16Netiforsexchange ((15)--(12)) percent. ..). 5.0252. e6 9: 
ij PNetiomexchange ((16) >< (1))- MW ose gee see 
18. Less 0.5 & (seasonal capacity difference)............... 
LOE xchange potential — ViVi eae ie ete al 
20. Existing and planned exchange—MW................. 
ZileeNetiexchange potential — MW ere peea rien tat ore 


FY 71 FY 76 FY 81 FY 86 FY 91 
1970-71 1975-76 1980-81 1985-86 1990-91 
... 18,050 26,910 33,410 39,960 46, 560 
... 15,420 22,710 . 27,950 33,310 38, 680 
ae. 7.2 get 7.8 8.2 8.3 
a 6.8 6.8 4.] 3, 4 2.9 
oe 107. 2 107. 1 107. 8 108. 2 108. 3 
Pi @l00!4 100. 3 103. 6 104. 6 105. 2 
ee 1, 266: 0m 15964489812 281..0” 1;28 7-6 en 1).790. 3 
ne 7.97 8. 68 8. 99 9. 18 9. 31 
eh 79.1 81.8 85.5 87.9 89. 6 
ui 6. 30 7.10 7. 69 8. 07 8. 34 
as 79.8 89. 8 98. 5 103. 9 107. 6 
oc. ~ 186.5 180. 4 187. 2 190. 0 192.7 
sas 20. 4 20. 4 12.6 10.8 9.3 
eee 79. 8 89. 8 98. 5 103. 9 107. 6 
ae 86. 3 70. 2 76. 1 75.3 75.8 
2 7.19 5. 85 6, 34 6. 27 6. 32 
wax 8 110; 298 1, 574 2,118 2, 505 2, 943 
s 125 125 125 125 125 
... *1,423 41,699 2, 243 2, 630 3, 068 
eae Ss 600 1, 800 2, 050 2, 050 2, 050 
a 0 0 193 580 1, 018 


3 Base percent-months of capacity times weighted percent 
(line 10). 

4 TVA’s method of estimation indicates these figures to be 
in excess of 1,800. 
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APPENDIX B 


Undeveloped Conventional Hydroelectric Potential in FPC Region IIl Having a Capacity of 50 to 
99 mw and Not Included in Table 9 


Average Usable Gross 


Drainage basin, site or Potential annual power static 
project name River State capacity generation storage head Remarks 
mw) 1,000 mwh) (1,000 (feet) 
AF) 
James Basin Maury...... Maury da. fame s Va cituets 69 61 196 301 
Roanoke Basin: 
Schoolfieldta- aac: Dani seen Varn seist 76 93 145 86 
Randolphas. tve.mias Roanoke se ase) ss Ma seecie ai 50 73 135 66 
IMelroseme cies aeioks Roanokesey eer Vale sic 50 146 3 106 
Yadkin-Pee Dee Basin: 
Greater Blewett..... Pee Deen eras NG Heside: 82 367 179 80 
Crumps Ford....... ROCKY ts ae NGe aes. 79 90 220 135 
Junction aa. cce rr YVadkingss.. mt NC er 69 91 220 61 
Stycrsis a0 acea ck Vadkinw Ja 22% NC Mites 54 76 185 65 
Upper Donnaha.... Yadkin......... NG... tee 90 131 220 124 
Santee Basin: 
Buckingham Daltcea eee SGirgacedae 85 DOOR Scihaiir acc 55 C of E study 
Landing. shows 
infeasible. 
Clinchfieldiiy cere Broad serene NCiaeoee 59 69 390 140 CofE study 
shows power 
infeasible. 
Courtney Island..... Catawba....... SCiteaaus 87 111 24 56 
Savannah Basin: 
Stokes) Blufte nip Savannah....... Gamer 60 225 100 35 
Horsepasture....... Horsepasture.... NC...... 58 93 12 1860 
Altamaha Basin: 
Murder Creek. ..... Murder. Greeky,.) Gane 60 126 205 128 River diversion 
infeasible. 
Abbeville ages ee Ocmulgee...... Gavin. 79 149 699 63 
Apalachicola Basin: : 
New Riverview..... Chattahoochee.. Ga....... 65 LS ee a, 
Franklintpe scene Chattahoochee.. Ga....... 50 108 20 50 
Cedar Creekiee eerie Chattahoochee... Ga....... 50 101 134 60 
Morgan Falls....... Chattahoochee.. Ga....... 58 157 94 117 Partially done. 
Further 
development 
infeasible. 
New) Bridge.j.ncsas @hestateenaaeer Gage eere 50 34 250 156 
Lower Auchumpkee. Flint........... Gann. 81 123 135 86 
azer Cireekmnaer te Bhnt yee Gasegs ns. 87 122 88 126 
Tombigbee Basin: 
Dorsey Grecki =o ae ts: Mulberry Fork.. Ala...... 63 61 420 135 
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Undeveloped Conventional Hydroelectric Potential in FPC Region Ili Having a Capacity of 50 to 
99 mw and Not Included in Table 9—Continued 


Average Usable Gross 
Drainage basin, site or Potential annual power static 
project name River State capacity generation storage head Remarks 
mw) 1,000 mwh) ee (feet) 
AF 


Alabama Basin: 


Wallahatchee....... Tallapoosa...... Alatsg at 89 97 0 37 
BE ESEIOWY: fo ae cess Tallapoosa...... Alane a jars 50 ee eeetteicad 96 Addition to 
existing plant. 
@aktuskceswe ses Tallapoosa...... Alacer: 52 46 600 107 
IS IIGEUOR i.e tress - FetOW aD wins ae ead Let Ridcpeer 69 74 83 70 
GUO De haa jefe asin Ptow ableton LeP e cena 69 60 370 160 
Tennessee Basin: 
PRRISECAL oun cis,oce <a ss Hiwassee nae enn. 35.5 70 170 87 Ps 
BiimesaGice tetccn care Piceonea erie ti (ered ae 60 115 335 302 
ESCWAT ee steers eee Nolichucky..... enna..: 65 160 497 268 
Surgoinsville........ Holton vcns 2c sr7 4st Wee 72 172 35 75 
ICHIO, ePrice PCTs. eee 2 PL Chi ear: 80 190 170 366 
Cumberland Basin 
Gelina emetic iis zis cision Cumberland). 22 Ky. 2... 69 227 10 50 
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APPENDIX C 
UNDEVELOPED CONVENTIONAL HYDROELECTRIC POTENTIAL 
APPROXIMATE FEASIBILITY ANALYSIS 


Development: Salem Church 

River Basin: Rappahannock 

River: Rappahannock 

Capacity: 89,000 kw 

Average annual energy: 161 X 10° kwh 
Reservoir surface area: 47,450 acres 


Estimated investment cost: $72,339,000 

Source of estimate: C of E Review Report 
5/2/66 

Date of estimate: Mid-1965, HW index then 
887 

Ratio HW indexes: 1.09 (1-1-68 index=966, 
Table 6, Line 15) 

Trended investment cost: $78,800,000 


Annual Costs: 
Fixed charges on $78,800,000 @ 


501 Opies Ae ee el oe ee $3, 000, 000 
Annual O&M @ $3.00/kw/yr_-_ 267, 000 
Recreation fixed charges and 

O&M") Sancl/ acre, vio ee eee 

‘Totalannual costso2- een 3, 267, 000 
Annual Values: 
Power: 
Capacity of 89,000 kw @ 
$10.80/kw/ yr ee 961, 000 
Energy of 161 10° kwh @ 
2 65 ills ee 427, 000 
Recreation 47,450 acres @ 
$25/acre/year __________ 1, 186, 000 
Total annual values___ 2, 574, 000 


Relative feasibility index=0.79 considering power 
and recreation only. ares 
References: 
C of E Review Report 5—2-66 
FPC Form 557 revised 1—-2-68 


Remarks 
Other annual benefits estimated by C of E 
include: 
Flood:controles 2-2 2seoea $157, 000 
Water supply= == ee 340, 000 
Water quality control_______ 607, 000 
Salinity controlia-==- === 1, 490, 000 


A smaller development was authorized by the 
Congress 


Development: Pemberton 
River Basin: James 
River: James 
Capacity: 232,000 kw 
Average annual energy: 356 X 10° kwh 
Reservoir surface area: 62,000 acres 
Estimated investment cost: $135,800,000 
Source of estimate: FPC Form 557 
Date of estimate: Mid-1960; HW index then 
811 
Ratio HW indexes: 1.190 (1-1-68 index= 966, 
Table 6, Line 15) 
Trended investment cost: $161,500,000 
Annual Costs: 
Fixed charges on $161,500,000 @ 
3.81% 


$6, 150, 000 


Annual O&M @ $2.53/kw/yr_- 587, 000 
Recreation fixed charges and 
O&M @ $4.60/acre/yr__---- 285, 000 
Total annual costs_____-~ 7, 022, 000 
Annual Values: 
Power: 
Capacity of 232,000 kw @ 
S1O.80/kw/ yr ee ee $2, 506, 000 
Energy of 356X10° kwh @ 
2.65. millssser a soe 943, 000 
Recreation: 62,000 acres @ 
$21.70/acre/year —-_ = 1, 345, 000 
Total annual values____ 4, 794, 000 
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Relative feasibility index=0,68 considering power 
and recreation only — 
References: 
C of E Report 9—-1—45 
FPC Form 557, 11-65 
FPC Staff testimony on Project No. 2503 
FPC Planning Status Report, James River 
Basin, 1964 
Remarks: Other potential purposes: Flood control, 
navigation, water quality control 


Development: Smith Mountain 
River Basin: Roanoke 

River: Roanoke 

Capacity: 150,000 kw 


Average annual energy: 131 X10°kwh (191 X 10° 


kwh input pumping energy) 

Reservoir surface area: None 

Estimated investment cost: $5,400,000 
Source of estimate: $36/kw for machinery 
Date of estimate: 1967; HW index then 946 
Ratio HW indexes: 1.021 (1—1-68 index= 966, 

Table 6, Line 15) 

Trended investment cost: $5,510,000 

Annual Costs: 
Fixed charges on $5,510,000 @ 


Le bigs ices St een ny eee $258, 000 
Annual O&M @ $1.50/kw/yr 

plus $707,000 pumping energy_ 932, 000 
Recreation fixed charges and 

O&M @ $0/acre/yr_--------- 0 


Rotaleannualt costs 22sal2s) 2 1, 190, 000 


Annual Values: 


Power: 
Capacity of 150,000 kw @ 
$10.80 ‘kwiyr sees ea $1, 620, 000 
Energy of 13110° kwh @ 
2.69 milleon ee ee 347, 000 
Recreation 0 acres @ $0/ 
BLleyVeAlRet ee eens 0 
Total annual values______ 1, 967,000 


Relative feasibility index=1.65 considering power 
and recreation only Gre 
References: 
FPC Form 557 of 10-26-66 
License for Project No. 2210 
Remarks: 
Add conventional unit to existing powerhouse 
(4 units existing, 2 conventional and 2 re- 
versible) 


Fixed charge rate of 4.67% used for specific 
power facilities as shown on page 5-3 of 
report 


Development: St. Stephen 
River Basin: Santee 
River: Santee 
Capacity: 84,000 kw 
Average annual energy: (—100X 10°) kwh 
Reservoir surface area: None 
Estimated investment cost: $37,592,000 
Source of estimate: C of E Report 7—-1-66 
Date of estimate: Mid-1966; HW index then 
924 
Ratio HW indexes: 1.046 (1—1-68 index= 966, 
Table 6, Line 15) 
Trended investment cost: $39,321,000 
Annual Costs: 
Fixed charges on $39,321,000 @ 


MOi3o aac sueee oe at & So $1, 837, 000 
Annual O&M @ $ special/kw/ 
Vi ee er ee tA SE 191, 000 
Recreation fixed charges and 
O&M @ $0/acre/yr_-------- 0 
Total annual costs_________ 2, 028, 000 
Annual Values: 
Net power benefits (1) --------- $417, 000 
Other benefits, particularly navi- 
PALOMIEL jae see. oer eee 2, 750, 000 
Total annual values____-_--~ 3, 167, 000 


Relative feasibility index=1.56 considering power 
and recreation only 

References: “Survey Report on Cooper River, S.C. 
(Shoaling in Charleston Harbor)”, Charleston 
District Engineer, C of E, July 1966 

Remarks: 

Special purpose: to reduce silting in Charleston 
Harbor (1) Values relate to Santee-Cooper’s 
costs, see C of E report 

Omitting navigation benefits, relative feasibility 
index for power only on basis consistent 
with other developments evaluated would 


be: 

Fixed charges__-.w.-—....- $1, 837, 000 

Annual O & M (3.05) ----- 256, 000 
Oa te tee te 2, 093, 000 

Capacity benefits @ 10.80_-_ 908, 000 

Energy loss @ 2.6 mills___-_ 260, 000 
ONSET Pte RE oes 648, 000 

Index=0.31 


per eee 
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Development: Frost Shoals 
River Basin: Santee 
River: Broad (S.C.) 
Capacity: 183,000 kw 
Average annual energy: 232 X 10° kwh 
Reservoir surface area: 8,900 acres 
Estimated investment cost: $102,745,000 
Source of estimate: Draft-Santee Appraisal 
Report 
Date of estimate: Mid-1966; HW index then 
924 
Ratio HW indexes: 1.046 (1-1-68 index= 
966, Table 6, Line 15) 
Trended investment cost: $107,200,000 
Annual Costs: 
Fixed charges on $107,200,000 @ 


3:8 1G eS ae ee ee $4, 095, 000 
Annual O&M @ $2.60/kw/yr-_- 476, 000 
Recreation fixed charges and 

O&M @'S inel/acre/-yr ease a 

Total annual costs______-_-- 4,571, 000 
Annual Values: 
Power: 

Capacity of 183,000 kw @ 
S1LO.80/ kw /yieose2- 228 $1, 978, 000 

Energy of 232 10° kwh @ 
2.05 pmills eee os oes 615, 000 

Recreation 8,900 acres @ 
$47.00/acre/year __----- 418, 000 
Total annual values___ 3,011, 000 


Relative feasibility index=0.66 considering power 
and recreation only is 
References: 
Preliminary Draft, FPC’s Santee Basin Ap- 
praisal Report 
HD 96, 73rd Congress, Ist Session (“308 
Report” ) 
FPC Staff testimony on Project No. 2503 
FPC Planning Status Report, Santee River 
Basin, 1964 
Remarks: None 


Development: Blairs 
River Basin: Santee 
River: Broad (SC) 
Capacity: 180,000 kw 
Average annual energy: 222 X 10° kwh 
Reservoir surface area: 37,900 acres 
Estimated investment cost: $87,484,000 
Source of estimate: Draft-Santee Appraisal 
Report 


Date of estimate: Mid-1966; HW index then 
924. 
Ratio HW indexes: 1.046 (1-1-68 index= 
966, Table 6, Line 15) 
Trended investment cost: $91,400,000 
Annual Costs: 
Fixed charges on $91,400,000 @ 


3.01 Up see eee $3, 480, 000 
Annual O&M @ $2.61 /kw/yr_-- 470, 000 
Recreation fixed charges and 

O&M @$ incl/acre/yr___-_ —= eee 

otalannual costs ee ee 3, 950, 000 

Annual Values: 
Power: 
Capacity of 180,000 kw @ 
$10.80 /kw/yrt22e eee $1, 944, 000 
Energy of 222 10° kwh @ 
2 OFRMUS crete ae eee 588, 000 
Recreation 37,900 acres @ 
$28.60/acre/year _-__~ 1, 082, 000 
Total annual values___ 3,614, 000 


Relative feasibility index=0.91 considering power 
and recreation only Paar 
References: 
Preliminary Draft, FPC’s Santee Basin Ap- 
praisal Report 
HD 96, 73rd Congress, Ist Session (“308 
Report’’) 
FPC Staff testimony on Project No. 2503 
FPC Planning Status Report, Santee River 
Basin, 1964 


Remarks: None 


*) Development: Greater Lockhart 
River Basin: Santee 
River: Broad (S.C.) 
Capacity: 284,000 kw 
Average annual energy: 319 10° kwh 
Reservoir surface area: 58,600 acres 
Estimated investment cost: $146,869,000 
Source of estimate: Draft-Santee Appraisal 
Report 
Date of estimate: Mid-1966; HW index then 
924 
Ratio HW indexes: 1.046 (1—-1-68 index= 
966, Table 6, Line 15) 
Trended investment cost: $153,400,000 
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Annual Costs: 
Fixed charges on $153,400,000 
GS: 34 Uo aerate er $5, 845, 000 


Annual O&M @ $2.50/kw/yr--- 710, 000 
Recreation fixed charges and 
OSMiG@as ine! jacre/vt. - sos oe 
Total annual costs___.____- 6, 555, 000 
Annual Values: 
Power: 
Capacity of 284,000 kw @ 
O10.80/kw /yri2s_2 2 oe $3, 067, 000 
Energy of 319 10° kwh @ 
OUTS ene fa eee 845, 000 
Recreation 58,600 acres @ 
$22.30/acre/year ______- 1, 307, 000 
Total annual values____ 4, 219, 000 


Relative feasibility index=0.64 considering power 
and recreation only oe 
References: 
Preliminary Draft, FPC’s Santee Basin Ap- 
praisal Report 
HD 96, 73rd Congress, 1st Session (“308 
Report’) 
FPC Staff testimony on Project No. 2503 
FPC Planning Status Report, Santee River 
Basin, 1964 
Remarks: Would inundate_ existing Lockhart 
Power Company 12,300 kw plant 


Development: Greater Gaston Shoals 
River Basin: Santee 
River: Broad (S.C.) 
Capacity: 105,000 kw 
Average annual energy: 129 X 10° kwh 
Reservoir surface area: 5,530 acres 
Estimated investment cost: $54,026,000 
Source of estimate: Draft-Santee Appraisal 
Report 
Date of estimate: Mid-1966; HW index then 
924 
Ratio HW indexes: 1.046 
= 966, Table 6, Line 15) 
Trended investment cost: $56,500,000 
Annual Costs: 
Fixed charges on $56,500,000 @ 
os MOG" Sle ahs Saat Spleen $2, 153, 000 


(1-1-68 index 


Annual O&M @ $2.88/kw/yr__- 302, 000 
Recreation fixed charges and 

ONE Gs inch acre (yr=-e- 23 ) EV J: 3 

Total annual costs_______--_ 2, 465, 000 


Annual Values: 
Power: 
Capacity of 105,000 kw @ 
S10 80 /lvjarse ea $1, 134, 000 
Energy of 129X10° kwh @ 
2 Ooms tages ees 342, 000 
Recreation 5,530 acres @ 
Soi20 facre (yrt. ses 283, 000 
Total annual values____ 1, 759, 000 


Relative feasibility index=0.71 considering power 
and recreation only ee 


References: 
Preliminary Draft, FPC’s Santee Basin Ap- 
praisal Report 
HD 96, 73rd Congress, 1st Session (“308 
Report” ) 


FPC Staff testimony on Project No. 2503 
FPC Planning Status Report, Santee River 
Basin, 1964 
Remarks: Would inundate existing 9,140 kw Gas- 
ton Shoals plant 


4 Development: Saluda 


River Basin: Santee 
River: Saluda 
Capacity: 78,000 kw 
Average annual energy: Negligible additional kwh 
Reservoir surface area: Existing acres 
Estimated investment cost: $6,700,000 
Source of estimate: S.C. Electric & Gas Co. 
Date of estimate: 1968; HW index then 0 
Ratio HW indexes: 1.0 (1-1-68 index=966, 
Table 6, Line 15) 
Trended investment cost: $6,700,000 
Annual Costs: 
Fixed charges on $6,700,000 @ 
AO) Go oes ee ee ee $313, 000 


Annual O&M @ $2.00/kw/yr_---- 156, 000 
Recreation fixed charges and O&M 
(QE SO acte yrie. se. es 0 
‘lotakannual.costswas. 2.2 2 469, 000 
Annual Values: 
Power: 
Capacity of 78,000 kw @ 
SIOLSOPRW/ Vn eee ee cee $841, 000 
Energy of negligible kwh @ 
Grrmil saree se we 0 
Recreation 0 acres @ $0/ 
ACTEVeats = eee oe 0 
Total annual values___-_- 841, 000 
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Relative feasibility index= 1,79 considering power 
and recreation only. 
References: S. C. Electric & Gas application for 
amendment to license 
Remarks: 
Addition of Unit 5 to vacant bay in existing 
powerhouse 
Existing four units have a nameplate capacity 
of 130,000 kw total 


Development: Burtons Landing 
River Basin: Savannah 
River: Savannah 
Capacity: 100,000 kw 
Average annual energy: 273 X 10® kwh 
Reservoir surface area: 59,000 acres 
Estimated investment cost: $101,328,000 
Source of estimate: FPC Form 557 
Date of estimate: Mid-1963; HW index then 
853 
Ratio HW indexes: 1.133 (1-1-68 index= 966, 
Table 6, Line 15) 
Trend investment cost: $115,000,000 
Annual Costs: 
Fixed charges on $115,000,000 


G3. 81. 0pet Se en ssn ee $4, 380, 000 
Annual O&M @ $2.90/kw/yr-_- 290, 000 
Recreation fixed charges and 

O&M A@ Srineh/acre/ yrs eee ee 

Total annual costs_________ 4, 670, 000 

Annual Values: 
Power: 

Capacity of 100,000 kw @ 
$10.80/kw yr 2 sae oe $1, 080, 000 

Energy of 273 X 10° kwh @ 
2.69 /milley tee 3225 Seer 723, 000 

Recreation 59,000 acres @ 
$22.00/acre/year _______ 1, 298, 000 


3, 101, 000 
Relative feasibility index=0.66 considering power 


Total annual values___ 
and recreation only Stet ah 

References: 

U.S. Study Commission Report, 1963 

FPC Form 557 dated 11-65 

HD 658, 78th Congress, 2nd Session 

FPC Planning Status Report, Savannah River 

Basin, 1964 

FPC Staff testimony on Project No. 2503 

Remarks: None 


— 


Development: Anthony Shoals 
River Basin: Savannah 
River: Broad (Ga.) 
Capacity: 100,000 kw 
Average annual energy: 58.5 X 10° kwh 
Reservoir surface area: 14,400 acres 
Estimated investment cost: $42,330,000 
Source of estimate: FPC Form 557 
Date of estimate: Mid-1969; HW index then 
811 
Ratio HW indexes: 1.190 (1-1-68 index= 
966, Table 6, Line 15) 
Trended investment cost: $50,400,000 
Annual Costs: 
Fixed charges on $50,400,000 @ 


DB LG se ee ee eee $1, 915, 000 
Annual O&M @ $2.90 /kw/yr-- 290, 000 
Recreation fixed charges and 

O&M @ $ incl/acre/yr-___-—> eee 

‘Total annualicostsa2 o-oo 2, 205, 000 
Annual Values: 
Power: 
Capacity of 100,000 kw @ 
$10.80/kw/yree See $1, 080, 000 
Energy of 58.5 10° kwh @ 
2.65 cols Shee eee 155, 000 
Recreation 14,400 acres @ 
$41.50/acre/year _.---__ 598, 000 
Total annual values___ 1, 833, 000 


Relative feasibility index=0.83 considering power 
and recreation only ee 

References: 

U.S. Study Commission Report, 1963 

FPC Form 557 dated 12-65 

HD 658, 78th Congress, 2nd Session 

FPC Planning Status Report, Savannah River 

Basin, 1964 . 

FPC Staff Testimony on Project No. 2503 

Remarks: None 


Development: Tallow Hill 
River Basin: Savannah 
River: Broad (Ga.) 
Capacity: 172,000 kw 
Average annual energy: 113 10° kwh 
Reservoir surface area: 18,500 acres 
Estimated investment cost: $78,750,000 
Source of estimate: FPC Form 557 
Date of estimate: Mid-1960; HW index then 
811 
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Ratio HW indexes: 1.190 (1-1-68 index 
= 966, Table 6, Line 15) 
Trended investment cost: $93,600,000 
Annual Costs: 
Fixed charges on $93,600,000 @ 


Annual Values: 


Power: 
Capacity of 310,000 kw @ 
m10,80/Rw) vis 22.2 $3, 348, 000 
Energy of 471.4X10® kwh 
(a2 Ooumil sae eno 1, 249, 000 
Recreation 21,800 acres @ 
$36.50/acre/year ~----~- 796, 000 
Total annual values___ 5, 393, 000 


Relative feasibility index=1.17 considering power 


ee 


and recreation only 


References: 


eS) Ss omnes Sh 5 aoe Le ee aes, $3, 570, 000 
Annual O&M @ $2.63/kw/yr_--- 452, 000 
Recreation fixed charges and 

OSMi@ Suncl/acré/yris2-2-8" 22 52S 8 

Gta) annual. costsane eee = 4, 022, 000 
Annual Values: 
Power: 
Capacity of 172,000 kw @ 
Si0.80/kwiyr 2o8e-----— $1, 858, 000 
Energy of 113 10° kwh @ 
2 OORINI see tee ae 299, 000 
Recreation 18,500 acres @ 
$38.25 /acre/year ~------ 708, 000 
Total annual values____ 2, 865, 000 


Relative feasibility index=0.71 considering power 
and recreation only eee 

References: 

U.S. Study Commission Report, 1963 

FPC Form 557, dated 12-65 

HD 658, 78th Congress, 2nd Session 

FPC Planning Status Report, Savannah River 

Basin, 1964 

FPC Staff Testimony on Project No. 2503 

Remarks: None 


yx Development: Trotters Shoals 
River Basin: Savannah 
River: Savannah 
Capacity: 310,000 kw 
Average annual energy: 471.4 X 10° kwh 
Reservoir surface area: 21,800 acres 
Estimated investment cost: $91,927,000 
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C of E Economic Study Report 3-25-65 

U.S. Study Commission Report, 1963 

FPC Form 557 dated 11-1965 

HD 658, 78th Congress, 2nd Session 

FPC Planning Status Report, Savannah River 
Basin, 1964 

FPC Staff Testimony on Project No. 2503 


Remarks: Authorized by Congress in 1966 


1% Development: Hartwell (Unit No. 5) 
River Basin: Savannah 
River: Savannah 
Capacity: 66,000 kw 
Average annual energy: 0 kwh 
Reservoir surface area: 0 acres 
Estimated investment cost: $2,640,000 


Source of estimate: $40/kw for machinery 

Date of estimate: Mid-1967; HW index then 
946 

Ratio HW indexes: 1.021 (1-1-68 index= 
966, Table 6, Line 15) 

Trended investment cost: $2,700,000 


Annual Costs: 


Fixed charges on $2,700,000 @ 


Source of estimate: C of E 3-25-65 report A613. pee Se, Ne A eS $126, 000 

plus interest during construction Annual O&M @ $2.00/kw/yr_--- 120, 000 
Date of estimate: Early 1965; HW index then Recreation fixed charges and O&M 

879 (ESO (acrejyrescseer fos 0 
Ratio HW indexes: 1.096 (1-1-68 index= a ee Ae tae) FORO 246, 000 

966, Table 6, Line 15) 

Trended investment cost: $100,600,000 AE NOM 
Annual Costs: RONIES ; 
Fixed charges on $100,600,000 @ Capacity of 66,000 kw @ 

BB ioe eee NOE wanton $3, 830, 000 SLOBO kw hye 222s tae $713, 000 
Annual O&M @ $2.48/kw/yr--. 769, 000 Energy of 0 kwh @ 0 mills___- 0 
Recreation fixed charges and Recreation 0 acres @ $0/acre/ 

O&M a Siinel/acre/yrse ee Le eas Vearmuem 92 epee ets Ft: 0 

‘otal annual costs2__..-=. 4, 599, 000 Total annual values_-_-_-- 713, 000 
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Relative feasibility index=2.90 considering power 
and recreation only oa 

References: 

U.S. Study Commission Report, 1963 

FPC Form 557 dated 11-65 

HD 658, 78th Congress, 2nd Session 

FPC Planning Status Report, Savannah River 

Basin, 1964 

FPC Staff testimony on Project No. 2503 

Remarks: None 


i Development: Four Chattooga Developments 


River Basin: Savannah 
River: Chattooga 
Capacity: 186,000 kw 
Average annual energy: 245.6 X 10° kwh 
Reservoir surface area: 3,738 acres 
Estimated investment cost: $137,067,000 
Source of estimate: FPC Form 557 
Date of estimate: Mid-1960; HW index then 
811 
Ratio HW indexes: 1.190 (1—1-68 index= 966, 
Table 6, Line 15) 
Trended investment cost: $163,200,000 
Annual Costs: 
Fixed charges on $163,200,000 @ 


5.81992 hak pee ee eee ee $6, 220, 000 
Annual O&M @ $2.60/kw/yr_-_- 484, 000 
Recreation fixed charges and 

O&M @ $27/acre/yr__------ 101, 000 

‘Lotal fannual costs22-22 ee 6, 805, 000 
Annual Values: 
Power: 
Capacity of 186,000 kw @ 
S$1O.80Akw/yr aoeeuete = $2, 009, 000 
Energy of 245.6 X 10° kwh @ 
2.657 milleseve eee 651, 000 
Recreation 3,738 acres @ 
$53 (acre /yros eee pe aes 198, 000 
Total annual values____ 2, 858, 000 


Relative feasibility index=0.42 considering power 
and recreation only _ 
References: 
FPC Form 557 of 12-67 
U.S. Study Commission Report, 1963 
HD 658, 78th Congress, 2nd Session 
FPC Planning Status Report, Savannah 
River Basin, 1964 
FPC Staff testimony on Project No. 2503 
Remarks: Camp Creek, Rogues Ford, Sand Bottom 
and War Woman have 93,000 acre feet aggregate 


“ 


usable power storage, of which 83,000 acre feet 
are in the upper development, War Woman. 
With this limited storage, combined capacity of 
four projects is estimated at 186,000 kw at 15% 
average annual capacity factor. Capacity contem- 
plated (366,000 kw) in U.S. Study Commission’s 
Report is without adequate accompanying 
energy 


1° Development: Ohoopee-Goose Creek 


River Basin: Altamaha 
River: Altamaha 
Capacity: 169,000 kw 
Average annual energy: 295.8 X 10® kwh 
Reservoir surface area: 44,600 acres 
Estimated investment cost: $145,206,000 
Source of estimate: C of E Review Report 5-65 
Date of estimate: Mid-1963; HW index then 
853 
Ratio HW indexes: 1.133 (1-1-68 index= 966, 
Table 6, Line 15) 
Trended investment cost: $164,600,000 
Annual Costs: 
Fixed charges on $164,600,000 @ 


3.81%. 2isese se eee $6, 260, 000 
Annual O&M @ $2.63/kw/yr_- 444, 000 
Recreation fixed charges and 

O&M @ $'incl/acre/yr_ oe ee 

dotaleannual costs... seo 6, 704, 000 
Annual Values: 
Power: 

Capacity of 169,000 kw @ 
$10.80/kw/yr. 2223 ee $1, 825, 000 

Energy of 295.8 X 10° kwh @ 
2. G5 emillss 2) ssa eee 784, 000 

Recreation 44,600 acres @ 
$26.00/acre/year _-____- 1, 160, 000 
Total annual values____ 3, 769, 000 


Relative feasibity index=0.56 considering power 
and recreation only ae 
References: 
U.S. Study Commission Report, 1963 
FPC Form 557 of 12-65 
C of E Review Report 5-65 
FPC Planning Status Report, Altamaha River 
Basin 1964 
Remarks: Powerplant at Goose Creek dam and 
reservoir connected by a 24-mile canal with 
Ohoopee dam and reservoir, river mile 102.3 
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/¢ Development: Laurens Shoals 
River Basin: Altamaha 
River: Oconee 
Capacity: 324,000 kw 

reversible) 

Average annual energy: 341 10° kwh (298 x 10° 
kwh pumping input energy) @ 3.7 mills $1,102,- 
000 

Reservoir surface area: 38,700 acres 

Estimated investment cost: $46,567,000 

Source of estimate: Ga. Power Co. License 
Application 

Date of estimate: Current 

Ratio HW indexes: — (1—1-68 index=966, 
Table 6, Line 15) 

Trended investment cost: $0 

Annual Costs: 

Fixed charges on $46,567,000 @ 
SB ion ee ae Nee oe oe $1, 775, 000 

Annual O&M @ $2.47/kw/yr 
plus $1,102,000 pumping 


(includes 216,000 kw 


PlletR yee ee ee 1, 943, 000 
Recreation fixed charges and 
OS MEG Sancl/ acrefyreemes Mules tes. 
Lotahbannual@osts: Laces 3, 718, 000 
Annual Values: 
Power: 
Capacity of 324,000 kw @ 
$10.80 (wi yr, ea 2 $3, 500, 000 
Energy of 34110®° kwh @ 
2.Ooemillgnc Wes ee 904, 000 
Recreation 38,700 acres @ 
$28.20 /acre/year __-_-~- 1, 088, 000 
Total annual values___ 5, 492, 000 


Relative feasibility index=1.48 considering power 
and recreation only ~~ 

References: Georgia Power Company’s Application 
for FPC License 

Remarks: In addition, values include use of reser- 
voir for cooling water by Georgia Power Com- 
pany, thus enhancing benefit/cost ratio 


‘7 Development: Coopers Ferry 
River Basin: Altamaha 
River: Ocmulgee 
Capacity: 120,000 kw 
Average annual energy: 188.6 X 10° kwh 
Reservoir surface area: 66,900 acres 
Estimated investment cost: $87,667,000 
Source of estimate: C of E Review Report 5-65 


Date of estimate: Mid-1963; HW index then 
853 

Ratio HW indexes: 1.133 (1-1-68 index= 966, 
Table 6, Line 15) 

Trended investment cost: $99,400,000 

Annual Costs: 

Fixed charges on $99,400,000 @ 

RSNA) 2 he ne E eterna aes te $3, 790, 000 


Annual O&M @ $2.80/kw/yr--- 336, 000 
Recreation fixed charges and 
O&M @ $ incl/acre/yr___- _ 
Totalannual costs=.2.2.2--.= 4, 126, 000 
Annual Values: 
Power: 
Capacity of 120,000 kw @ 
$10.80 ew five See a $1, 296, 000 
Energy of 188.6X10° kwh 
(Oe? Govmuillss5 25. ose 500, 000 
Recreation 66,900 acres @ 
$20/acre/yrivest aa 1, 338, 000 
Total annual values___ 3, 134, 000 


Relative feasibility index=0.76 considering power 
and recreation only Ta 
References: 
U.S. Study Commission Report, 1963 
FPC Form 556 of 12-65 
C of E Review Report 5-65 
FPC Planning Status Report, Altamaha River 
Basin 1964 
Remarks: None 


2¢ Development: Spewrell Bluff 


River Basin: Apalachicola 
River: Flint 
Capacity: 100,000 kw 
Average annual energy: 133 X 10° kwh 
Reservoir surface area: 16,800 acres 
Estimated investment cost: $68,448,000 
Source of estimate: FPC Form 557 
Date of estimate: Mid-1961; HW index then 
814 
Ratio HW indexes: 1.188 (1—1-68 index= 966, 
Table 6, Line 15) 
Trended investment cost: $81,300,000 
Annual Costs: 
Fixed charges on $81,300,000 @ 
Siok ppees we weds bes etn $3, 095, 000 


Annual O&M @ $2.90/kw/yr_- 290, 000 
Recreation fixed charges and 

OSM (S$ ancl/actre/yr go 

Total annual costs___-.------ 3, 385, 000 
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Annual Values: 
Power: 

Capacity of 100,000 kw @ 

$10.80 /kw/yre eee $1, 080, 000 
Energy of 133 10®° kwh @ 

2.65 tmills 3 sees oe 352, 000 
Recreation 16,800 acres @ 

$39:50 /acre/yry se 664, 000 

Total annual values____-~_ 2, 096, 000 


Relative feasibility index=0.62 considering power 
and recreation only aa 
References: 
FPC Form 557 12-67 
C of E Report 2-28-62 
U.S. Study Commission Report 1963 
FPC Planning Status Report, Apalachicola 
River Basin, 1965 
Remarks: None 


Development: Smiths Ford 
River Basin: Tombigbee 
River: Locust Fork 
Capacity: 115,200 kw 
Average annual energy: 84.3 10° kwh 
Reservoir surface area: 10,000 acres 
Estimated investment cost: $51,680,000 
Source of estimate: FPC Form 557 
Date of estimate: Mid-1965; HW index then 
887 
Ratio HW indexes: 1.09 (1-1-68 index= 966, 
Table 6, Line 15) 
Trended investment cost: $56,400,000 
Annual Costs: 
Fixed charges on $56,400,000 @ 


3.8) Gg ane ee ee ee $2, 145, 000 
Annual O&M @ $2.87/kw/yr_-_- 331, 000 
Recreation fixed charges and 

O&M @ $20.50/acre/yr_____ 205, 000 

Total annual costs_________ 2, 681, 000 
Annual Values: 
Power: 
Capacity of 115,200 kw @ 
SiO. 80/kwiyre $1, 245, 000 
Energy of 84.3 X 10° kwh @ 
ZOO Wilssee ree eee 223, 000 
Recreation 10,000 acres @ 
$45.60/acre/year _______ 456, 000 
Total annual values_____1, 924, 000 


Relative feasibility index=0.72 considering power 
and recreation only 
References: 
FPC Form 557 of 1-2-68 
Fargo Engineering Co. Report 
Remarks: FPC License No. 2102 issued to Warrior 
River Electric Coop in 1955 for 50-year term. 
After minor clearing of damsite, construction 
was suspended. Licensee has recently proposed 
to surrender license 


2.0 Development: Bridgeview 
River Basin: Alabama 
River: Tallapoosa 
Capacity: 105,000 kw 
Average annual energy: 130 X 10° kwh 
Reservoir surface area: 8,000 acres 
Estimated investment cost: $63,015,000 
Source of estimate: FPC Form 557 
Date of estimate: Mid-1963; HW index then 
853 
Ratio HW indexes: 1.133 
dex= 966, Table 6, Line 15) 
Trended investment cost: $71,500,000 
Annual Costs: 
Fixed charges on $71,500,000 @ 
3.81% 


in- 


(1-1-68 


$2, 720, 000 


Annual O&M @ $2.88/kw/yr_- 302, 000 
Recreation fixed charges and 
O&M @ $22.50/acre/yr_-___- 180, 000 
Total annual costs_________ 3, 202, 000 
Annual Values: 
Power: 
Capacity of 105,000 kw @ 
Si0:80/ kw yr eee $1, 134, 000 
Energy of 130 10° kwh @ 
21657 millss. 22 ee 345, 000 
Recreation 8,000 acres @ 
posjacre/yr Taser joe 446, 000 
Total annual values____ 1, 945, 000 


Relative feasibility index=0.61 considering power 
and recreation only - 
References: 
FPC, Tallapoosa River Water Resources Ap- 
praisal Report, 1964 
FPC Form 557 of 11-65 
Remarks: None 


>\ Development: Martin 
River Basin: Alabama 
River: Tallapoosa 
Capacity: 171,000 kw 
Average annual energy: 21 10° kwh 
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12 


Reservoir surface area: No additional acres Annual Costs: 


Estimated investment cost: $18,650,000 Fixed charges on $58,100,000 @ 
Source of estimate: FPC Form 557 Pe AN Cie ae a alae pe $2, 215, 000 
Date of estimate: Mid-1963; HW index then Annual O&M @ $2.60/kw/yr_- 470, 000 

853 Recreation fixed charges and 
Ratio HW indexes: 1.133 (1-1-68 index O&M @ $14.50/acre/yr ye 268, 000 

=966, Table 6, Line 15) Total annual costs.......- 2, 953, 000 
Trended investment cost: $21,150,000 TNT Al ones 

Annual Costs: Power: 
Fixed charges on $21,150,000 @ Gapatiyrornls L000! Ew" @ 

EB Toate oe St aoe te oes Se. $988, 000 10.80/k 0 
Anetta O&M. @)$1:00 lew fyr sok 171,000 $10.80/kw/yr --------- Dees hl 
Recreation fixed charges and Energy of 196 x 10° kwh @ 

De Mie $o— ache /yraac, te tee ee 2 OgtIR see 519, 000 

Recreation 18,500 acres @ 
Total annual costs________~_ 1, 159, 000 $38.50/acre/year -_----- 712, 000 
Annual Values: Total annual values.____ 3, 186, 000 
Power: Relative feasibility index=1.08 considering power 
Capacity of 171,000 kw @ and recreation only i 
S1O:G0 (kw /yricl ec 2 $1,850,000 References: 
Energy of 21X10° kwh @ FPC Form 557 of 11-65 
2.65 mills____-_-_--_--- 56, 000 FPC, Tallapoosa River Water Resources Ap- 
Recreation — acres @ $ —/ praisal Report, 1964 
acre/year —------<----—  ------~-- Remarks: Emuckfaw reservoir would inundate the 


Horseshoe Bend National Military Park. The 
upstream alternative Eagle Creek development 
that would avoid flooding the park has an es- 
timated relative feasibility index of 0.86 


Total annual values.____ 1, 906, 000 
Relative feasibility index= 1.65 considering power 
and recreation only 


References: 
FPC, Ee River Water Resources Ap- »» Development: Crooked Creek 
praisal Report, 1964 River Basin: Alabama 
FPC Form 557 of 11-65 River: Tallapoosa 
Alabama Power Company FPC Form 12 Capacity) 135,000. kv 


Remarks: Existing project of Alabama Power Com- 
pany, additional units in second powerhouse with 
increased capacity which may require use of 
storage in proposed Oakfuskee development 


Average annual energy: 149 X 10° kwh 
Reservoir surface area: 9,500 acres 
Estimated investment cost: $38,073,000 
Source of estimate: FPC Appraisal Report 


Development: Emuckfaw Date of estimate: Mid-1963; HW index then 
River Basin: Alabama 853 
River: Tallapoosa Ratio HW indexes: 1.133 (1-1-68 index= 966, 
Capacity: 181,000 kw Table 6, Line 15) 
Average annual energy: 196 X 10° kwh Trended investment cost: $43,200,000 
Reservoir surface area: 18,500 acres Annual Costs: 
Estimated investment cost: $51,253,000 Fixed charges on $43,200,000 @ 
Source of estimate: FPC Appraisal Report 3.0106 pote Dre eee oe $1, 647, 000 
Date of estimate: Mid-1963; HW index then Annual O&M @ $2.73/kw/yr-- 368, 000 
S55a Recreation fixed charges and 
Ratio HW indexes: 1.133 (1-1-68 index= O&M @ $21/acre/yr-------- 200, 000 
966, Table 6, Line 15) —_— 
Trended investment cost: $58,100,000 Total annual costs_..-.._- 2, 215, 000 
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Annual Values: 


Power: 
Capacity of 135,000 kw @ 
$10.80/kw/yr 2 $1, 458, 000 
Energy of 149X10° kwh @ 
2.60-smills) soe See Re 395, 000 
Recreation 9,500 acres @ 
$46.40/acre/year ------- 440, 000 
Total annual values____ 2, 293, 000 


Relative feasibility index=1.04 considering power 
and recreation only ny 
References: 
FPC Form 557 of 11-65 
FPC, Tallapoosa River Water Resources Ap- 
praisal Report, 1964 
Remarks: Preliminary permit issued to Alabama 
Power Company 


Development: Mitchell 
River Basin: Alabama 
River: Coosa 
Capacity: 60,000 kw 
Average annual energy: 127 X 10° kwh 
Reservoir surface area: No additional acres 
Estimated investment cost: $15,000,000 
Source of estimate: Alabama Power Co. 
Date of estimate: 1968; HW index then — 
Ratio HW indexes: — (1—1-68 index = 966, 
Table 6, Line 15) 
Trended investment cost: $15,000,000 
Annual Costs: 
Fixed charges on $15,000,000 @ 
UDG d/o sea ase sows lag i Oa $1, 700, 000 


Annual O&M @ $2.00/kw/yr-_- 120, 000 
Recreation fixed charges and 

O&M @ $0/acr/yr__------ 0 

2 otalannual costs=s see ae 1, 820, 000 

Annual Values: 
Power: 

Capacity of 60,000 kw @ 

10:30 / Kw) yirease eee $ 648, 000 
Energy of 127 10° kwh @ 

2.Gog nillse eee ee eee 337, 000 
Recreation 0 acres @ $0/ 

acre/ years seeuae eee 0 

Total annual values______ 985, 000 


Relative feasibility index= 1.20 considering power 
and recreation only 


References: Alabama Power Company Project No. 
82 Report to the Federal Power Commission, 
July 1967 

Remarks: Existing project, addition of 2-unit 
powerhouse 


~Development: Sugar Creek 


River Basin: Tennessee 
River: Elk 
Capacity: 100,000 kw 
Average annual energy: 140 X 10° kwh 
Reservoir surface area: not available acres 
Estimated investment cost: $90,000,000 
Source of estimate: TVA 
Date of estimate: 1-1-62; HW index then 818 
Ratio HW indexes: 1.18 (1-1-68 index=966, 
Table 6, Line 15) 
Trended investment cost: $106,100,000 
Annual Costs: 
Fixed charges on $106,100,000 @ 
3.81 93a. ee ee oe ee $4, 050, 000 


Annual O&M @ $2.90/kw/yr_-- 290, 000 
Recreation fixed charges and 
O&M: @-$:inel/acre/yri= 2 ee 
Total annual costsiae 2262 eee 4, 340, 000 
Annual Values: 
Power: 
Capacity of 100,000 kw @ 
S{0:80/kKwi/ yr oe ssn eee $1, 080, 000 
Energy of 140 10®° kwh @ 
2090 millssee = = eee 371, 000 
Recreation 20,000+ acres @ 
$30) acre) Vries ese ee 760, 000 
Total annual values_____ 2, 211, 000 


Relative feasibility index=0.51 considering power 
and recreation only 
References: 
FPC Form 557 of 11-65 
FPC Planning Status Report, Tennessee River 
Basin, 1966 
Remarks: Other potential purposes: Flood control, 
navigation 


@ ©Development: Tellico 


River Basin: Tennessee 

River: Little Tennessee 

Capacity: 135,000 kw 

Average annual energy: 228 X 10° kwh 
Reservoir surface area: Not available 
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Estimated investment cost: $52,000,000 
Source of estimate: FPC Form 557 
Date of estimate: 1-1-62; HW index then 818 
Ratio HW indexes: 1.18 (1-1-68 index=966, 
Table 6, Line 15) 
Trended investment cost: $61,400,000 
Annual Costs: 
Fixed charges on $61,400,000 
(OBS COG Se POEs ee $2, 340, 000 


Annual O&M @$2.73/kw/yr_-- 368, 000 
Recreation fixed charges and 

OM: > ancl /acte/yrae-=, Meee ss 

potalaninual costse soe. ess 2, 708, 000 

Annual Values: 
Power: 

Capacity of 135,000 kw @ 

S10: C0/kwi yt e222 $1, 458, 000 
Energy of 228 10° kwh @ 

265 emuls ea eee 604, 000 
Recreation 15,000+acres @ 

$41 /acre/year _-_----- 615, 000 

Total annual values___-_- 2,677, 000 


Relative feasibility index=0,98 considering power 
and recreation only 

References: FPC Form 557 (undated) 

Remarks: Navigation and flood control also poten- 
tial purposes. Project was discarded from poten- 
tial projects listed in FPC Planning Status 
Report, Tennessee River Basin, 1966 


| Development: Devils Jumps 


River Basin: Cumberland 
River: Big South Fork 
Capacity: 480,000 kw 
Average annual energy: 475 X 10° kwh 
Reservoir surface area: 34,210 acres 
Estimated investment cost: $171,635,000 
Source of estimate: FPC Form 557 
Date of estimate: Mid-1958; HW index then 
764 
Ratio HW indexes: 1.27 (1-1-68 index= 966, 
Table 6, Line 15) 
Trended investment cost: $217,300,000 
Annual Costs: 
Fixed charges on $217,300,000 @ 
STEW REZ nok ye belporP cee inet aad $8, 280, 000 


Annual O&M @ $2.36/kw/yr--- 1, 132, 000 
Recreation fixed charges and 

O&M @ $8.25/acre/yr__-- 282, 000 

Totakanniual ‘costs. 2 == = 9, 694, 060 


Annual Values: 


Power: 
Capacity of 480,000 kw @ 
$10.80/kw/yr ~------- $5, 180, 000 
Energy of 475 10° kwh @ 
ZOOM seen eee 1, 260, 000 
Recreation 34,210 acres @ 
$30/acre/ year =-- 2c 1, 025, 000 


Total annual values____-_ 7, 465, 000 
Relative feasibility index=Q,Z7 considering power 
and recreation only 
References: 
FPC Form 557 of 11-65 
C of E Review Report, Big South Fork, 1958 
FPC Planning Status Report, Cumberland 
River Basin, 1964 
Remarks: Other potential purpose: Flood control 


fi Development: Cumberland Falls-Jellico 


River Basin: Cumberland 
River: Cumberland 
Capacity: 145,000 kw plus 90,000 kw pumped 
storage 
Average annual energy: 355,000,000 kwh less 
150,000,000 kwh pumping input 
Reservoir surface area: 12,520 acres 
Estimated investment cost: $84,214,300 
Source of estimate: C of E Survey Report 1964 
Date of estimate: July 1964; HW index then 
871 
Ratio HW indexes: 1.11 (1-1-68 index=966, 
Table 6, Line 15) 
Trended investment cost: $93,500,000 
Annual Costs: 
Fixed charges on $93,500,000 @ 
Bio LO ouee eae te? Sap $3, 560, 000 


Annual O&M @ $2.53/kw/yr__ 1, 195, 000 
Recreation fixed charges and 
OSMa@sS Snel acre yrase weet 32 
‘dotabannualtcostss=22" 5.23 4, 755, 000 
Annual Values: 
Power: 
Capacity of 235,000 kw @ 
Si080 (kw) ye ees = $2, 540, 000 
Energy of 355 10° kwh @ 
Zope iiilissesoe es oa oe 2 940, 000 
Recreation 12,520 acres @ 
$43.50/acre/yr ~------ 533, 000 
Total annual values___--- 4,013, 000 
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356-239 O - 71 - 24 


Relative feasibility index=0.84 considering power Remarks: Two separate developments now con- 


eereren 


and recreation only sidered as one with Cumberland Falls reservoir 
References: serving as lower pool for 2 reversible machines 
C of E Survey Report 1964 proposed for Jellico Creek development 


FPC Form 557 of 1-68 
FPC Planning Status Report, Cumberland 
River Basin, 1964 
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APPENDIX D—DEFINITION OF BITUMINOUS COAL AND LIGNITE 
PRODUCING DISTRICTS 


DISTRICT 1—EASTERN PENNSYLVANIA 


Pennsylvania.—Armstrong County (part).—All 
east of the Allegheny River, and those mines served 
by the Pittsburgh & Shawmut Railroad located on 
the west bank of the river. 

Fayette County (part).—All mines located on 
and east of the line of Indian Creek Valley branch 
of the Baltimore & Ohio Railroad. 

Indiana County (part) .—All mines not served by 
the Saltsburg branch of the Pennsylvania Railroad. 

Westmoreland County (part) .—All mines served 
by the Pennsylvania Railroad from Torrence, east. 

All mines in the following counties: Bedford, 
Blair, Bradford, Cambria, Cameron, Centre, 
Clarion, Clearfield, Clinton, Elk, Forest, Fulton, 
Huntingdon, Jefferson, Lycoming, McKean, Mif- 
flin, Potter, Somerset and Tioga. 

Maryland.—AlI mines in the State. 

West Virginia—All mines in the following 
counties: Grant, Mineral and Tucker. 


DISTRICT 2—WESTERN PENNSYLVANIA 


Pennsyluania.—Armstrong County (part).—All 
mines west of the Allegheny River except those 
mines served by the Pittsburgh & Shawmut Rail- 
road. 

Fayette County (part).—All mines except those 
on and east of the line of Indian Creek Valley 
branch of the Baltimore & Ohio Railroad. 

Indiana County (part).—All mines served by 
the Saltsburg branch of the Pennsylvania Railroad. 

Westmoreland County (part) —All mines except 
those served by the Pennsylvania Railroad from 
Torrence, east. 

All mines in the following counties: Allegheny, 
Beaver, Butler, Greene, Lawrence, Mercer, Venan- 
go, and Washington. 


DISTRICT 3.— 


NORTHERN WEST VIRGINIA 
West Virginia—Nicholas County (part).—All 
mines served by or north of the Baltimore & Ohio 
Railroad. 


All mines in the following counties: Barbour, 
Braxton, Calhoun, Doddridge, Gilmer, Harrison, 
Jackson, Lewis, Marion, Monongalia Pleasants, 
Preston, Randolph, Ritchie, Roane, Taylor, Tyler, 
Upshur, Webster, Wetzel, Wirt, and Wood. 


DISTRICT 4.—OHIO 
All mines in the State. 


DISTRICT 5.—MICHIGAN 
All mines in the State. 


DISTRICT 6—PANHANDLE 


West Virgintia.—All mines in the following coun- 
ties: Brooke, Hancock, Marshall, and Ohio. 


DISTRICT 7——SOUTHERN NO. 1 


West Virginia——Fayette County (part).—Al 
mines east of Gauley River and all mines served by 
the Gauley River branch of the Chesapeake & Ohio 
Railroad and mines served by the Virginian 
Railway. 

McDowell County (part).—All mines in that 
portion of the county served by the Dry Fork Branch 
of the Norfolk & Western Railroad and east thereof. 

Raleigh County (part).—All mines except those 
on the Coal River Branch of the Chesapeake & Ohio 
Railroad and north thereof. 

Wyoming County (part) .—All mines in that por- 
tion served by the Gilbert branch of the Virginian 
Railway lying east of the mouth of Skin Fork of 
Guyandot River and in that portion served by the 
main line and the Glen Rogers branch of the Vir- 
ginian Railway. 

All mines in the following counties: Greenbrier, 
Mercer, Monroe, Pocahontas, and Summers. 

Virginia.—Buchanan County (part).—All mines 
in that portion of the county served by the Rich- 
lands-Jewell Ridge branch of the Norfolk & Western 
Railroad and in that portion on the headwaters of 
Dismal Creek east of Lynn Camp Creek (a tribu- 
tary of Dismal Creek) . 

Tazewell County (part).—All mines in those 
portions of the county served by the Dry Fork branch 
to Cedar Bluff and from Bluestone .Junction to 
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Boissevain branch of the Norfolk & Western Rail- 
road and Richlands-Jewell Ridge branch of the 
Norfolk & Western Railroad. 

All mines in the following counties: Montgomery, 
Pulaski, Wythe, Giles, and Craig. 


DISTRICT 8.—SOUTHERN NO. 2 


West Virginia—Fayette County (part).—All 
mines west of the Gauley River except mines served 
by the Gauley River branch of the Chesapeake & 
Ohio Railroad. 

McDowell County (part) .— All mines west of and 
not served by the Dry Fork branch of the Norfolk & 
Western Railroad. 

Nicholas County (part).—All mines in that part 
of the county south of and not served by the Balti- 
more & Ohio Railroad. 

Raleigh County (part).—All mines on the Coal 
River branch of the Chesapeake & Ohio Railroad 
and north thereof. 

Wyoming County (part).—AlIl mines in that por- 
tion served by the Gilbert branch of the Virginian 
Railway and lying west of the mouth of Skin Fork 
of Guyandot River. 

All mines in the following counties: Boone, Ca- 
bell, Clay, Kanawha, Lincoln, Logan, Mason, Min- 
go, Putnam, and Wayne. 

Virginia.—Buchanan County (part).—All mines 
in the county, except in that portion on the head- 
waters of Dismal Creek, east of Lynn Camp Creek 
(a tributary of Dismal Creek) and in that portion 
served by the Richlands-Jewell Ridge branch of the 
Norfolk & Western Railroad. 

Tazewell County (part) .—All mines in the county 
except in those portions served by the Dry Fork 
branch of the Norfolk & Western Railroad and 
branch from Bluestone Junction to Boissevain of 
Norfolk & Western Railroad and Richlands-Jewell 
Ridge branch of the Norfolk & Western Railroad. 

All mines in the following counties: Dickinson, 
Lee, Russell, Scott, and Wise. 

Kentucky.—All mines in the following counties in 
eastern Kentucky: Bell, Boyd, Breatbitt, Carter, 
Clay, Elliott, Floyd, Greenup, Harlan, Jackson, 
Johnson, Knott, Knox, Laurel, Lawrence, Lee, 
Leslie, Letcher, McCreary, Magoffin, Martin, Mor- 
gan, Owsley, Perry, Pike, Rockcastle, Wayne, and 
Whitley. 

Tennessee.—All mines in the following counties: 
Anderson, Campbell, Claiborne, Cumberland, Fen- 
tress, Morgan, Overton, Roane, and Scott. 

North Carolina.—All mines in the State. 


DISTRICT 9.—WEST KENTUCKY 


Kentucky.—All mines in the following counties 
in western Kentucky: Butler, Christian, Crittenden, 
Daviess, Hancock, Henderson, Hopkins, Logan, Mc- 
Lean, Muhlenberg, Ohio, Simpson, Todd, Union, 
Warren, and Webster. 


DISTRICT 10.—ILLINOIS 
All mines in the State. 
DISTRICT 11.—INDIANA 
All mines in the State. 
DISTRICT 12.—_IOWA 
All mines in the State. 
DISTRICT 13—SOUTHEASTERN 


Alabama.—All mines in the State. 

Georgia.—All mines in the following counties: 
Dade and Walker. 

Tennessee.—All mines in the following counties: 
Bledsoe, Grundy, Hamilton, Marion, McMinn, 
Rhea, Sequatchie, Van Buren, Warren, and White. 


DISTRICT 14.—ARKANSAS-OKLAHOMA 


Arkansas.—All mines in the State. 
Oklahoma.—All mines in the following counties: 
Haskell, Le Flore, and Sequoyah. 


DISTRICT 15—SOUTHWESTERN 


Kansas.—All mines in the State. 

Texas.—All mines in the State. 

Missouri.—All mines in the State. 

Oklahoma.—All mines in the following counties: 
Coal, Craig, Latimer, Muskogee, Okmulgee, Pitts- 
burg, Rogers, Tulsa, and Wagoner. 


DISTRICT 16—NORTHERN COLORADO 


All mines in the following counties in the State: 
Adams, Arapahoe, Boulder, Douglas, Elbert, El 
Paso, Jackson, Jefferson, Larimer, and Weld. 


DISTRICT 17—SOUTHERN COLORADO 


Colorado.—All mines except those included in 
District 16. 

New Mexico.—All mines except those included in 
District 18. 


DISTRICT 18—NEW MEXICO 


New Mexico.—All mines in the following coun- 
ties: Grant, Lincoln, McKinley, Rio Arriba, San- 
doval, San Juan, San Miguel, Santa Fe, and Socorro. 
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Arizona.—All mines in the State. 
California.—All mines in the State. 


DISTRICT 19—WYOMING 


Wyoming.—All mines in the State. 
Idaho.—All mines in the State. 


DISTRICT 20.—UTAH 


All mines in the State. 


DISTRICT 21—NORTH DAKOTA-SOUTH 
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DAKOTA 
All mines in North Dakota and South Dakota. 
DISTRICT 22.-MONTANA 
All mines in the State. 
DISTRICT 23—-WASHINGTON 


Washington.—All mines in the State. 
Oregon.—All mines in the State. 
Alaska.—All mines in the State. 
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PREFACE 


Work on the preparation of this report began when the Fossil Fuel Resources Committee met for the 
first time in June of 1967. Basic research was completed early in 1968, and drafting of the report was con- 
cluded in April of the same year. 

The focal point of the report was a questionnaire on expected fuel requirements, which was designed by 
the Committee and mailed in the fall of 1967 to all electric power systems having a peak demand in excess 
of 50 megawatts in the 24 states of the Eastern United States and the District of Columbia. The questionnaire 
and the data obtained from it are described in greater detail in Part III of this report. The Fuels Committee 
survey was conducted independently of and prior to surveys conducted by the Task Forces on Load Pro- 
jection and the Task Forces on Patterns of Generation and Transmission. The latter surveys indicate a slower 
rate of growth of nuclear generation, particularly in the East Central Region. 

The statistical tables presented in this report which reflect future projections are the sum total of the 
projections provided by the individual systems to the Committee in response to the questionnaire, rather than 
estimates by the Committee. The Committee assembled the information and provided the historical and 
economic background for past developments, as well as discussions of indicated trends. This report, therefore, 
is essentially a reflection of the future fossil fuel supply and demand picture as seen by the utility users in the 
winter of 1967-68. 

Since this report was completed for submission to the Federal Power Commission for eventual inclusion 
in the updated National Power Survey, much has happened. Use of electric power increased more rapidly 
than expected. Nuclear power delays showed up. Air pollution control programs accelerated. Rail freight and 
coal costs went up. Residual fuel oil prices went down markedly, and more low sulfur fuel oil became avail- 
able. As a result, electric utility fossil fuel consumption figures for 1967 and preliminary figures for 1968, 
which have now become available, show that some of the fuel usage deviated significantly from that initially 
presented in this report. 

The following tabulation, taken from Table 5 of the report covers the Northeast and Southeast Regions 
and is supplemented by actual figures of fuel consumption by electric utilities in those regions for the years 
1967 and 1968. 


Consumption of Fuels * 
[From Table 5, except for 1967 and 1968] 


Northeast region Southeast region 
Near SS 
Coal Oil Gas Coal Oil Gas 
Actual Consumption 
1960) ae 57.9 276.5 100.2 63.2 228.0 140.8 
S/S nes EEG STON WSO)! GroGe Beis NE, 
19683.... 57.4 2120.4 138.0 72.0 235.7 232.0 
Industry Forecast 
19708 eee 63.0 69.5 148.5 84.6 22.6 218.4 
1975 eee 61.8 57.4 162.4 95.4 19.1 214.8 
1980..... 56. 8 47.8 146.6 99.6 TORO 22953 
1985... 48. 8 41.3 129.1 108.4 19.8 340.2 
199042) 2. 40. 6 eye ey Wighb 15.8) 18.7 422.2 


1 Fuel quantities in millions of tons of coal, barrels of oil, 
and MCF of gas. 

* Includes smal]l quantities of distillates. 

3 Actual data published by FPC subsequent to completion 
ofthe report. 
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From the above figures it is evident that, at least for the short term, fuel oil consumption in the Northeast 
and Southeast Regions has taken a decided upward trend. Furthermore, natural gas consumption in the 
Southeast for 1968 has already exceeded the annual usage rates predicted for the period 1970-1980. Some of 
the reasons explaining these newly indicated trends have been noted above, and are discussed more fully 
below. 

1. Growth of electric power generation 

After a less-than-average growth of electric power production in 1967 (as compared with 1966), 
total U.S. electric power output in 1968 gained 9.3 percent over 1967. In 1968, power output by fuel- 
burning plants in the U.S. was 11.3 percent higher than the previous year. This accelerated growth, 
which was particularly evident in the Southeast Region, has created unusual demands for all types of 
fuel for electric power generation. 

2. Difficulties in nuclear generation 

A number of recent problems tend to delay and to increase the cost of nuclear plant construction 
and, consequently, to increase the cost of nuclear power. Among these problems are: Delays in licensing; 
environmental restrictions (e.g. thermal pollution) ; siting problems near load centers; increasing con- 
struction lead times; and rapidly increasing capital costs. The overall effect of the increase in nuclear 
power costs, as compared with lower increases in fossil fueled plant costs, is to improve the competitive 
position of fossil fueled plants. 

3. Accelerated programs of air pollution control 

Although electric power system management has understood the meaning and objectives of air 
pollution control legislation, it hoped that reasonable and adequate periods of time would be allowed 
for normal development of low-sulfur technology or, alternatively, for the orderly development of a low- 
sulfur fuels market. Vigorous pursuance of air pollution controls has created unforeseen price pressures 
on some of the fossil fuels and resulted in somewhat different than anticipated patterns of energy 
consumption. 

Significant quantities of low-sulfur residual fuel oil derived from African crude oils have recently 
become available at competitive prices. This paraffin base oil is being blended with western hemisphere 
residual oils and number 2 and number 4 distillate to yield a low-sulfur product with an acceptable pour 
point. The availability of low-sulfur residual fuel oil may be further improved with the completion of 
desulfurizing facilities in a number of Caribbean refineries, including several that process Venezuelan 
crude. Oil import permits have recently been granted to three organizations for the purpose of domestic 
desulfurization into low-sulfur fuel acceptable to the air pollution control agencies. The new supply of 
low-sulfur oil has eased the problem of supplying those areas which have enacted sulfur-content restric- 
tions on residual fuel oils. 

Most types of residual fuel oil can now be delivered at favorable prices, particularly when purchased 
in large lots and on intermediate-to-long range contracts (5 years or longer), for delivery in large vessels. 
Most of these contracts have escape clauses for changes in sulfur regulations. 

4. Increasing mine price of coal 

The United Mine Workers have recently negotiated.a new work contract which provided for wage 
increases in each of the three years covered by the contract. In addition, the cost of equipment and 
materials has also increased. While some of the increasing costs may be offset by increases in labor 
productivity, the net mine price will probably rise in the foreseeable future. Additional pressures on the 
mine price of coal may also arise from recently proposed health, safety, and environmental control 
legislation. 

5. Increasing railroad freight rates 

The railroads have requested and have recently been granted across-the-board freight rate increases, 
including increases on rates for shipments of coal by unit trains. The net effect of this change in freight 
rates is to increase the delivered cost of coal to electric utilities. . 
6. Changes in the residual fuel oil market 

As outlined above, the supply of high-sulfur residual fuel oil relative to the demand on the East 
Coast has increased in the past two years. First, the threat of sulfur oxides emission regulations has 
caused many users to shift to low sulfur oil. Particularly, the increased availability and use of African 
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low-sulfur oil on our East Coast has added to the overall supply of residual oil on the market. Full 
capacity Caribbean refinery operations are helping to fill the gap for distillate products in Europe (a gap 
created by the closing of the Suez Canal). All of these factors contribute to the easing of the supply 
(and, consequently, to the decline in the price) of fuel oil on the East Coast. The near-term outlook is 
that downward pressure on the price of residual oil will continue to prevail for the following reasons. 

Extra Refinery Capacity in Eastern Canada.—Construction of new refinery capacity, at a rate con- 
siderably above domestic requirements in anticipation of export markets, has been announced for Nova 
Scotia. One such market is presumed to be the United States. 

Machiasport-type Projects —There are pending for consideration proposals for a number of projects 
that can be categorized as Machiasport-type projects. These projects envision importation of foreign 
crude oil into free trade zones in the United States with the understanding that part of the imports will 
be marketed in the United States. Such proposals amount to modification of the oil import program 
and could, if approved, have the effect of bringing larger volumes of foreign residual fuel oil to the power 
generating industry. 

North Slope Petroleum Discoveries—Large deposits of petroleum have been discovered recently 
on the North Slope of Alaska. These discoveries have provided the inducement for a more extensive 
search for petroleum in the Arctic areas of the Western Hemisphere. Although some problems of search, 
production, and transportation in the cold Arctic areas still have to be resolved, the general outlook is 
that these new finds will contribute significantly to the domestic supply of refined and, to a much lesser 
extent, residual products. 

Oil Import Program.—tIn 1966 there was a complete relaxation of restrictions on the import of 
residual fuel oil on the eastern seaboard. This made foreign residual fuel oil more accessible and 
accelerated the downward trend in residual fuel oil prices, particularly in the Northeast. To the extent 
that there is no limit to the amount of residual fuel oil that can be brought into the East Coast area for 
consumption as fuel, the price of this oil will be largely determined by foreign competition for the 
U.S. market. It should be noted, however, that a change in the oil import program could have a decisive 
effect on the availability and price of residual fuel oil to ultimate consumers on the eastern seaboard. 


In summary, short term divergencies have already been noted in some areas of the 
forecast. Whether or not they grow into a long term trend is dependent upon factors, 
including government policy, which cannot be accurately predicted. As with all other 
forecasts and estimates, their value lies in developing an understanding of the factors 
which may influence the course of events, and the degree of change which may occur. 

Because the initial figures included in this report present industry’s own evaluation 
and expectations based on information available at the time, the Fossil Fuel Resources 
Committee felt that there was merit in publishing those figures without change, but 
including actual usages available for comparison. 

The Committee feels that the short range deviations from the predictions tend to 
underscore a number of important issues: 

The volatility of the fossil fuels market; 

The difficulties of accurate planning ; 

The complexity of factors affecting electric utility fuel consumption; and 
The caution required in utility forecasts. 
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| INTRODUCTION 


The purpose of this report is to bring up to date 
studies made for the 1964 National Power Survey 
(Survey 1964) of the Federal Power Commission, 
reflecting changes in technology, public policy and 
energy trends since the original Survey, with par- 
ticular reference to fuels used for electric generation 
in the Northeast, East Central and Southeast Re- 
gions. Also, this report will seek to extend by another 
ten years, to 1990, the energy projections in Survey 
1964. 

In updating Survey 1964 we have not attempted 
to change or modify the extensive and authoritative 
background material in that report, which rep- 
resents the best in advanced thinking on industry 
fuel problems by some of its foremost members. 
Instead we have supplemented that report where 
intervening developments have significantly changed 
the fuel picture. 

Two such developments with respect to fuels for 
electric generation have assumed pre-eminence in 
the last few years, namely, air pollution control and 
nuclear power. The nation’s concern about the need 
for cleaner air is resulting in legislation at federal, 
state and local levels mandating, among other 
things, the use of fuels having a progressively de- 
creasing sulfur content to minimize the emission of 
sulfur dioxide from electric power plants and in- 
dustrial and residential heating installations, or the 
use of processes to reduce sulfurous emissions when 
fuels of higher sulfur content are used. Air pollution 
abatement will increase power generation costs 
which ultimately will be reflected in consumer rates, 
and will necessitate changes in historical fuel pat- 
terns as the demand for low-sulfur coal and oil 


tends to place undue strain on available short-term 
supplies. 

For the longer term, 1971 and thereafter, the 
problems of air pollution may be reduced through 
the development of commercial fuel desulfurization 
techniques and the development of commercial 
stack emission control systems to supplement the 
limited supplies of naturally occurring low sulfur 
fuels. Because natural gas is virtually sulfur-free, its 
use as boiler fuel is receiving increasing attention by 
industry and by the Federal Power Commission 
which must find the public interest in balancing the 
need for cleaner air against conservation of a de- 
pletable national resource. 

Nuclear power for electric generation has made 
and is continuing to make such impressive techno- 
logical progress that the projections of nuclear’s 
share of the fuel market in Survey 1964 must be 
revised upward to a marked extent. The commercial 
development of fast breeder reactors will substan- 
tially alleviate the present factor of economically 
limited nuclear fuel reserves. 

Other noteworthy developments include the ris- 
ing trend in minemouth and midpoint electric 
plants with EHV transmission to distant load cen- 
ters; the increasing acceptance of gas turbines and 
pumped storage for peaking power; “total energy” 
systems; and technologic progress in coal 
gasification. 

As was true with Survey 1964, this updating 
could not have been conducted without the public- 
spirited assistance of all segments of the industry 
and of other private agencies, and government. 
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Il SUMMARY AND CONCLUSIONS 


The rapid trend toward nuclear generation has 
resulted in a drastic change in the electric utilities’ 
forecasted fuel uses since publication of the 1964 
“National Power Survey.” That survey indicated 
that by 1980 nuclear capability would be supplying 
10% of the Nation’s KWH generation.1 

Our current survey indicates that this 10% point 
will be reached, in the three eastern regions, shortly 
after 1970, and that nuclear power will account for 
46% of the total generation by 1980, and 65% by 
1990. This predicted growth is primarily the result 
of reductions in the installed cost of nuclear units 
from over $200 per KW in 1964 to generally under 
$150 per KW in 1968 although, for comparable 
sizes and construction types, nuclear units will cost 
from 15% to 20% more than coal fired units in 
plants of about 800 MW and up range. 

These cost reductions have come about from: 

(1) Experience gained by the industry in 
building the nuclear units now operating. 

(2) Constantly increasing knowledge of the 
technologies involved by the manufac- 
turers, the consultants and the utility 
industry. | 

(3) Increased competition among the manu- 
facturers. 

More recently, quoted prices for nuclear steam 
supply systems have increased substantially. This 
component cost increase apparently has not yet 
been a deterrent to the competitive position of nu- 
clear plants. 

The major attraction of nuclear generation is its 
very low fuel cost, coupled with a practically non- 
existent fuel transportation cost. The absence of at- 
mospheric pollutants is another advantage. Draw- 
backs to nuclear generation are: 

(1) Restrictions on locating such units close 
to centers of population—the heavy load 
centers. 

(2) The very large unit sizes necessary to ob- 
tain the low installed costs mentioned 
above. 


* 1964 National Power Survey, Vol. 2, Advisory Report 
No. 15, page 177. 


(3) The need for highly trained, highly paid, 
and very scarce technical and supervisory 
personnel. 

(4) The necessity for operating at high capac- 
ity factors to realize low total costs. 

(5) The need for increased volumes of con- 
denser cooling water relative to fossil fuel 
units. 

Current concern about air pollution and the prob- 
ability of air pollution control regulations in most 
of the metropolitan areas within the next few years 
introduces a large element of uncertainty into cur- 
rent fuel use forecasts. However, it seems safe to 
predict an even higher percentage of nuclear gen- 
eration, more interest in “mine-mouth” coal-fired 
plants remote from populated areas, more intensive 
development of low-sulfur fuel sources and emis- 
sion control systems, and generally higher energy 
costs for all electric utilities. These higher costs 
eventually must be borne by the consuming public. 

The choice of fossil fuel to be used in any given 
generating unit has usually been purely economic— 
which fuel will result in the lowest cost per Btu pro- 
duced in the boiler over the life of the unit. The 
costs to be considered are: 

(1) Fuel producer’s selling price. 

(2) Transportation cost. 

(3) User’s handling cost. 

(4) Conversion efficiency. 

To these must now be added a fifth, and at pres- 
ent largely unknown, cost: 

(5) Compliance with 
ordinances. 

On the basis of the industry survey by this Com- 
mittee, of the three fossil fuels, the use of natural gas 
for electric power generation in the eastern regions 
is expected to show the greatest relative increase, 
from 243 billion cubic feet in 1966 to 545 billion 
cubic feet in 1990. The use of coal in these regions 
is also expected to expand substantially, but at a 
much lower rate than gas, from 203 million tons in 
1966 to 331 million tons in 1990. Consequently, the 
relative position of coal in the total generation of 
the three eastern regions may decline from about 80 


anti-air pollution 
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percent in 1966 to 29 percent in 1990. During the 
same period of time the absolute use of fuel oil 
may decrease from 105 million to 57 million barrels. 

The Nation’s known coal reserves are more than 
adequate to meet all the needs of the electric utili- 
ties, and all other users, through and well beyond 
1990. Slightly over one-half of the Nation’s total 
reserves of bituminous coal are within the three east- 
ern regions covered by this survey, and about one- 
third of this reserve is in the Appalachian area. 

Most of the total reserves of low-sulfur bitumi- 
nous coal are in this same Appalachian region. How- 
ever, very large investments will be required for any 
extensive mining of this coal; it is more costly to 
mine, it is generally at a greater transportation dis- 
tance from the points of use than is conventional 
coal, and there is considerable competition for it 
from other industries. All of these factors indicate 
considerably higher delivered costs than for conven- 
tional bituminous coal, which will be reflected in 
electric consumers’ rates. 

The long-term mine price of coal has trended 
downward until recently due to mechanization and 
improved productivity. For the future, however, the 
results of this Commitee’s survey indicate increasing 
cost of coal at plants for electric generation. 

Most electric utility coal moves by rail, and here 
the development and use of “unit trains” has re- 
sulted in important cost savings. Further develop- 
ment of this concept into high speed “shuttle” trains 
may result in some transportation efficiencies, al- 
though rates for coal are increasing at the present 
time. 

The practicality of pipeline transportation of coal 
has been proven by a 108-mile line which operated 
successfully for several years. Presently being 
planned in the far west is a 275-mile coal pipeline, 
which studies indicate will have total costs competi- 
tive with rail transportation. Further developments 
in pipeline transmission may well change the coal 
transportation picture considerably. 

Water shipments of coal have increased appreci- 
ably in recent years and are expected to continue 
as an important part of overall coal transportation. 


Improvements in the technology of, and reduc- 
tions in the costs of Extra High Voltage (EHV) AC 
and DC transmission are making the transportation 
of “coal by wire” more attractive. It appears that 
within the next few years it will be economically 
practical to transmit blocks of 3,000-4,000 MW 
from mine-mouth plants to load areas in the range 
of 600 to 700 miles distant. This technique may 
become especially attractive because of the proba- 
bility of less acute air pollution problems in mining 
areas than in large metropolitan areas. However, 
dependence of a metropolitan area for its power 
supply upon long transmission lines introduces re- 
liability problems in the event of major line outages. 
Solution of these and other: problems appears ex- 
pensive and may well cancel out part of the savings 
otherwise possible. 

The delivered cost of natural gas to electric 
utilities has remained relatively stable since 1960. 
This Committee’s survey indicates, however, that 
such cost is likely to increase. Gas is the easiest and 
least expensive of all fossil fuels to handle at electric 
generating stations, and the burning of gas mini- 
mizes air pollution problems. The survey indicates 
that gas will play an increasing role in the generat- 
ing of electricity, particularly in the Southeast. 
These predictions are contingent on adequate sup- 
plies of natural gas and other factors, including 
regulatory policy with respect to optimum use of 
this depleting natural resource. 

Technology is available today for shipping large 
quantities of gas in a liquefied state. Cost studies 
indicate, however, that it will be some time before 
liquefied natural gas (LNG) becomes economically 
attractive to utilities covered by this report. 

Fuel oil (residual) has been of importance in 
power generation only in the coastal area of the 
Northeast and in the extreme Southeast. The future 
use of this fuel is contingent on federal import 
policies and economic factors. Furthermore, do- 
mestic refineries now produce more profitable prod- 
ucts from crude oil, resulting in less residual produc- 
tion. For these reasons it is expected that few new 
oil burning utility generating units will be built. 
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i ELECTRIC ENERGY REQUIREMENTS 


A. Introduction 


The historical pattern of fuel consumption for 
electric generation is undergoing significant changes 
as a result of the nation’s concern for cleaner air 
and the accelerating growth of nuclear power. 

In order to outline the general dimensions of 
this change, a recent questionnaire-type survey was 
made by this Committee of energy requirements 
and fuel costs at investor-owned, publicly owned 
and federal electric power systems in the area of 
eastern United States covered by this report. The 
survey, initiated in October 1967, included actual 
operating experience for the year 1966 and esti- 
mates for the period 1970 to 1990, at 5-year 
intervals. 


B. Survey of Fuel Use and Fuel Costs 


1. Description and Coverage of Questionnaire 
Survey 


The survey covered electric power systems having 
peak demands in excess of 50 megawatts in the 24 
states and the District of Columbia comprising the 
Federal Power Commission’s Northeast, East Cen- 
tral and Southeast Regions for updating the 1964 
National Power Survey. The survey area is shown 
on Map 1. 

Replies to the questionnaire were received from 
all except a few small companies, although some 
of the replies were incomplete, particularly as to 
fuel costs in the future. Estimates of total kilowatt 
hour generation in the next two decades by re- 
spondents to the questionnaire were generally in 
close agreement with corresponding estimates made 
by the regional offices of the Federal Power 
Commission. 


2. Summary of Questionnaire Survey Data 


Tables 1 to 5 and Charts 1 to 6 summarize the 
results of the survey with respect to electric gen- 
eration and fuel requirements in the Northeast, 
East Central and Southeast Regions during the 


period 1966 to 1990. Unless otherwise noted, the 
following brief analysis relates to the foregoing three 
regions covered by the study. 

(a) Electric generation by fuels and hydropower 


will increase from 618 billion kilowatthours in 1966 . 


to 2,968 billion kilowatthours in 1990, representing 
a compound annual growth rate of approximately 
6.7 percent during the period. The projected growth 
rates of the respective Regions are: Northeast 6.6%, 
East Central 6.3% and Southeast 7.2%. 

(b) Nuclear energy, a relatively minor factor in 
1966, will account for two thirds of electric pro- 
duction in 1990, the percentage varying between 
49% in the East Central Region and 82% in the 
Northeast. 

(c) Approximately 63% more coal will be con- 
sumed in producing electricity in 1990 than today, 
but coal’s contribution to the fuel mix will drop 
from 80% to 29% during this period as a result 
of the growing acceptance of the industrial atom. 
In 1966, a total of 203 million tons of coal were 
burned to produce 491 billion kilowatthours; in 
1990, it is estimated that 331 million tons will 
produce 852 billion kilowatthours. 

(d) Fuel oil for electric generation is used prin- 
cipally in the Northeast Region wherein annual 
use during the next two decades is expected to 
decrease from its 1966 level of 76 million barrels 
to around 37 million barrels by 1990. For the three 
regions the respective quantities are 104 million 
barrels in 1966 and 57 million barrels in 1990. 

(e) Natural gas consumed in producing elec- 
tricity will increase by 124% over current consump- 
tion levels to 545 billion cubic feet by 1990. Natural 
gas will account for only 2% of total electric gen- 
eration in 1990, compared to 3.9% today. 

(f) Conventional type hydro-electric plants in 
1966 produced 37 billion kilowatthours or 6% of 
total generation in Eastern U.S., while pumped 
storage had only a minor role. Electric production 
by hydropower is expected to double by 1990, about 
equally divided between conventional and pumped 
storage hydro, and will represent some 2.7% of 
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total generation. These plants will be located mostly 
in the Northeast and Southeast Regions. 

(g) The survey responses on future costs of fossil 
fuels generally reflect the difficulties attending such 
long-range estimates. The estimates exhibit wide 
variations, not always readily accounted for 
by geographical or other factors influencing costs. 
A number of companies did not supply this 
information.* 

Subject to the foregoing caveat, the following 
generalizations may be drawn from the survey data 


* The percent generation for which fuel costs were not 
supplied is as follows: 
IDIO 1975, 1980. 1985-41990 


Northeast, === 7 6 17 19 20 
East Central___ 7 12 23 29 31 
Southeast ____ 1 19 32 OW) 40 
Combined ____ 5 13 24 29 Sal 


with respect to future costs of fuel for electric 
generation (See Chart 5) : 


(2) The delivered cost of coal, oil and gas in 
the Northeast and Southeast Regions will 
increase by about 15% in the next two 
decades. In the East Central Region, 
which includes some of the largest coal 
supplies in the nation, coal prices are ex- 
pected to be somewhat more stable dur- 
ing this period. Oil and gas have only a 
minor role in that area. 

(22) Coal costs will maintain their competitive 
position vis-a-vis oil and gas, with a favor- 
able differential of 3-5¢ per million Btu. 

(zit) Nuclear costs per million Btu, exclusive of 
carrying charges on the fuel, are estimated 
to average between 14 cents and 18 cents. 
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IV COAL 


A. Introduction and Summary 


As a result of increasing efficiencies in the pro- 
duction, distribution, and transportation of coal, 
and in its utilization for power generation, coal ac- 
counted for approximately 65 percent of fuel con- 
sumed by electric utilities in the United States in 
1966, on a total Btu basis. 

Each year sees increasing quantities of coal used 
for the thermal generation of power, and it is gen- 
erally accepted that, quantitatively, the trend will 
continue upward well beyond the period covered 
by this revision of the National Power Survey. The 
question is how it will relate, percentagewise, to 
other energy sources in response to changes which 
already are taking place in the energy mix, includ- 
ing the growth of nuclear power generation and 
growing pressures for the reduction of air pollution. 

For the types of coal conventionally used for 
power generation, recoverable coal reserves are 
more than adequate to meet all foreseeable require- 
ments far into the future. Reserves of low-sulfur 
bituminous coals also are substantial. Because of 
higher mining costs and longer distances for trans- 
port, however, the costs of such coals will be higher 
and their availabilities will differ more or less di- 
rectly in relation to the levels of sulfur content es- 
tablished in pollution abatement regulations. Fur- 
thermore, the characteristics of low-sulfur coal are 
not always suitable for all types of furnaces. 


B. Coal Reserves 


Mounting interest in air pollution abatement has 
added new dimensions to the appraisal of coal re- 
serves, their quality, and their availability for power 
generation. Principal of these is increased emphasis 
on coals of low sulfur levels, for the scope of coal 
availability narrows progressively as sulfur specifi- 
cations become more restrictive. A corollary factor 
of importance is higher delivered prices for some 
of these coals, as compared to coals conventionally 
used for thermal generation, resulting from both 
higher mining costs in some production areas and 
longer transportation distances. 


The development of commercial processes for 
the reduction of sulfur in coal or the removal of 
sulfur oxides from stack gases will permit the con- 
tinuing use of medium and higher sulful coals. In- 
dications are that laws and regulations will either 
(1) restrict the sulfur content of fuels consumed to 
levels consistent with whatever considerations are 
pertinent to the respective areas, or (2) establish 
limitations on the sulfurous content of stack emis- 
sions into the atmosphere following combustion. 


““Conventional’’ Coal Availabilities 


For the types of coal conventionally used by 
electric utilities, recoverable coal reserves of the 
United States are more than ample to meet the 
demand for power generation during the period 
of this study, and beyond. Estimated remaining na- 
tional coal reserves, adjusted for production through 
1964, and based on only 50 percent recovery, ap- 
proximate 788,000 million tons. 

Even on the basis of highly selective levels of coal 
bed thicknesses (3.5 feet or more for bituminous and 
higher rank coals and 10 feet or more for sub- 
bituminous and lower rank coals) it is estimated 
that from 220,000 million to 265,000 million tons of 
“known” reserves (400 to 475 years supply at cur- 
rent rates of output) are economically recoverable 
with established technology. Between 45,000 million 
and 55,000 million tons of these selective coals are 
estimated to be “measured” reserves, 65,000 million 
to 78,000 million tons are “indicated,” and 110,000 
million to 132,000 million tons are “inferred” re- 
serves. Measured reserves are those for which ton- 
nage was computed from direct measurements. 
Indicated reserves are those for which tonnage was 
computed partly from specific measurements and 
partly from reasonable assumptions based on avail- 
able data and geologic evidence. Inferred reserves 
are those for which quantitative estimates are based 
on a broad knowledge of the character of the bed or 
region, but for which there are few, if any, actual 
measurements. In addition to these selective thick- 
nesses of reserves, large additional quantities of 
“known” recoverable reserves of lesser thicknesses 
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also are readily available and currently are being 
mined economically. It is anticipated that by the 
time other deposits are needed advanced technology 
will make them available at the same relative eco- 
nomic levels. Also, current investigations by the Bu- 
reau of Mines indicate that average recovery in 
mining is higher than the 50 percent used herein— 
approximating 57 percent for total underground 
mining. With respect to the principal reserves from 
which energy markets in the three regions covered by 
this report are served, there are further indications 
that recovery from specific coal beds is at an even 
higher level—possibly averaging 70 percent—be- 
cause it is economical to mine more of the higher 
priced premium coals of the Appalachian region. 


1. Regional Distribution of Reserves 


Of considerable importance to future power gen- 
eration, coal-bearing formations are widely distrib- 
uted throughout the nation (Map 2). On the basis 
of quantity, about 70 percent of the reserves are 
west of the Mississippi River. These deposits, how- 
ever, principally are subbituminous coal and lignite, 
whereas the eastern coals are bituminous and an- 
thracite. On the basis of calorific value, about 55 per- 
cent of the total reserve is east of the Mississippi 
River, all of which, except for Illinois, is within the 
three regions covered by this section of the National 
Power Survey. 


a. Appalachian coals 

The coals of this region contain the largest reserve 
of high-quality, high-rank, coals in the United 
States. The estimated total remaining reserve in the 
region is 271,000 million tons, approximately one- 
sixth of the total coal of all ranks in the country, on 
a tonnage basis, of which 95 percent is bituminous 
coal and the remainder Pennsylvania anthracite. 
The Appalachian bituminous coal reserve of 259,000 
million tons (129,500 million tons at 50 percent 
recovery) is 36 percent of total bituminous coal, of 
which approximately 84 percent is high-volatile, 9 
percent medium-volatile, and 7 percent low-volatile. 
These coals generally have low moisture, and high 
calorific values that range between 12,500 and 
14,500 Btu per pound. 

The total bituminous reserves of the Appalachian 
region are distributed among States as follows: West 
Virginia, 40 percent (104,000 million tons) ; Penn- 
sylvania, 23 percent (60,000 million tons) ; Ohio, 
16 percent (41,000 million tons) ; East Kentucky, 


11 percent (28,000 million tons) ; and other States, 
10 percent (26,000 million tons). Most of the Ohio 


reserves are high-volatile bituminous coal. West Vir- 


ginia, Pennsylvania, and Virginia have high, 
medium, and low volatile coals. 
b. Midwest 


Indiana and West Kentucky, which also are in 
the three regions covered by this section of the Sur- 
vey, have approximately 72,000 million tons of 
bituminous coal reserves. 


2. Special Grade Coals 


a. Metallurgical (coking) coals 

The Appalachian region is the Nation’s store- 
house of high-grade coking coals. Notwithstanding 
heavy demands on these coals for the coke ovens of 
the U.S. steel industry (to which many of them are 
committed for the future through captive owner- 
ship), for export, and for low-sulfur coals to meet 
air pollution standards, the coking coal reserves of 
this region are more than adequate to meet all fore- 
seeable demands of the metallurgical coke industry. 
It has been estimated that the region contains ap- 
proximately 55,000 million tons of “measured” and 
“indicated” reserves of metallurgical coal of over 28 
inches in thickness which contain no more than 8 
percent ash and 1.25 percent sulfur. This can be 
considered a minimum reserve using generally ac- 
cepted standards for coking coal. Generally these 
coals also are excellent for electric utility plants 
where air pollution is a problem, although their 
costs are appreciably higher than lower-grade coals 
conventionally used for steam-power generation. 
The measured and indicated reserves of these coals 
are expected to increase further as exploration 
transfers additional “inferred” reserves to these 
categories. 


b. Low-sulfur coals 

As air pollution becomes a matter of increasing 
concern throughout the nation, the availability and 
cost of low-sulfur coals are of prime importance to 
the coal and electric utility industries, and also to 
the general public. Increased costs inevitably will 
follow where substitutions of higher-grade fuels, 
available from more distant sources of supply, and 
therefore at higher transportation costs, become 
necessary. The problem can be significantly relieved, 
however, with the early development of commercial 
processes for the reduction of sulfur in coal and the 
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reduction or removal of sulfur oxides from stack 
gases. 

Proposed limitations on sulfur levels differ ap- 
preciably in various sections of the country. Some 
are more restrictive than others, depending on many 
factors, including the degree of consideration given 
to coal availability and economic costs as measured 
against atmospheric conditions. Accordingly, there 
will be differences in availabilities and costs among 
the respective jurisdictions, related more or less di- 
rectly to the levels of sulfur established. Table 6 lists 
Bureau of Mines preliminary estimates of remaining 
coal reserves, as of January 1, 1965, in the three 
regions covered by this report—by rank, sulfur con- 
tent, and state. The data in this table will be revised 
from time to time as more up-to-date information 
becomes available, including the results of special 
surveys now under way by the Bureau of Mines to 
pinpoint more specifically the extent of reserves, by 
levels of sulfur content, in the Appalachian area. 
Concurrently, a survey is being made of current and 
anticipated mine productive capacity in the same 
area, and of reserves already committed (“captive” 
reserves of coking coal; long-term commitments of 
“commercial” reserves for coking and other pur- 
poses; etc.). 

Most of the high-rank low-sulfur coals of the 
Nation are within the regions covered by this 
report. 

Total reserves of coals in the Appalachian region 
of 1 percent or less sulfur content are estimated at 
94,000 million tons (82,000 million tons bituminous; 
12,000 million tons anthracite). Of these reserves, 
58 percent are in West Virginia, 27 percent in 
eastern Kentucky, 10 percent in Virginia, 1 percent 
in Pennsylvania, and 4 percent scattered among 
other Appalachian states. While these coals generally 
are considered to be coking coals, some contain ex- 
cessive ash for coking purposes. In addition, there 
are some deposits of low-sulfur bituminous coal in 
Indiana, although the bulk of Indiana coal has 
higher sulfur levels. 

West Virginia has the largest single share of low- 
sulfur bituminous coals in the Appalachian region, 
and approximately 63 percent of current production 
contains no more than | percent sulfur; 31 percent 
ranges between 1.1 and 3 percent sulfur; and 6 per- 
cent contains 3.1 percent or more sulfur. 


* Average sulfur content of coal used by all electric 
utilities in 1964 was 2.3%. (Bureau of Mines Information 
Circular No. 8312.) 


3. Impact of Quality Substitution 


Sulfur limitations of some of the proposed or 
established air pollution laws and regulations will 
require increasingly large scale substitutions of 
lower sulfur coals for the higher sulfur coals used 
heretofore. In addition to problems of availability 
resulting from shifts in sources of supply and changes 
in burning facilities, substitutions generally will 
mean increased costs of coal. Lower sulfur coals 
are in higher-cost mining areas than the coals con- 
ventionally used for power generation. The latter 
includes large quantities of strip-mined coals. Also, 
for the most part, lower sulfur coals originate in 
mining areas at greater distances from points of 
utilization than previous sources of supply, which 
correspondingly increases transportation costs. 


C. Productive Capacity of the 
Coal Industry 


In addition to reserves, another important factor 
with respect to future coal availabilities is the extent 
to which new productive capacity is added in the 
coal industry. In this respect, there were announce- 
ments during 1967 of planned new annual capacity 
developed or to be developed during 1967-1970 in 
the bituminous coal and lignite industry of 63 
million tons. Of this quantity 57 million tons are to 
be in the regions covered by this report. This is 
supplementary to the substantial new annual capac- 
ity developed or announced prior to January 1, 
1967. Also, as indicated above, concurrently with 
new studies of low-sulfur coal reserves, the Bureau 
of Mines is making a study of the industry’s ability 
to increase capacity in those mining areas which 
produce low-sulfur coals. 


1. Production and Consumption 


National production of bituminous coal and 
lignite has increased steadily since 1961 (403 million 
tons) to an estimated 551 million tons in 1967, the 
highest since 1958. Approximately 83 percent of 
total output is produced in the three eastern regions 
covered by this report, the great preponderance of 
which is in the Appalachian area; the balance is in 
Indiana and West Kentucky. 

Table 7 shows shipments of bituminous coal and 
lignite in 1964 to electric utility plants in the re- 
gions covered by this report, by districts of origin 
and by sulfur content. 

Bituminous coal and lignite shipments to electric 
utilities currently account for 57 percent of U.S. 


II-4-8 


‘consumption. Shipments from mines to electric 
utilities in the three regions covered by this report 
(226 million tons in 1967) by districts of origin and 
states of destination, are shown in Table 8. Ship- 
ments by districts of origin and methods of ship- 
ment are shown in Table 9. Coal originating dis- 
tricts are described in the Appendix. 


2. Delivered Price Factors 


Prices at which coal is and will be available in 
different areas vary with differences in mining 


Total production 
(milhion tons) 
Year 

US. Eastern 
Gls ccctbie'd Slaikeuia oe CSRS a EOE: 403 336 
1 GG 2 ee Hate oe oh at Chote dine ates 422 352 
LOGS Meee rt ots ee Shien 459 383 
LOGS A te ae Sas o ake notes 487 406 
OG Sere eee ae Genesee  oxctevnte aa olen 512 426 
OGG eres eter ew accused w acts 534 442 


1 Excludes Illinois. 
2 Includes Illinois. 


As indicated in Table 9, in the three regions 
covered by this report all-rail shipments predom- 
inate as the method of transportation. Movements 
via tidewater, river and ex-river, Great Lakes, truck, 
and tramway vary in importance in accordance with 
differences in coal originating areas and in areas 
of destination (see section on Transportation). 
Table 10 shows costs of coal consumed in 1966 at 
electric utilities in the States that comprise the 
three regions covered by this report. While not 
strictly comparable with Tables 8 and 9, which 
show coal shipments from mines to electric utilities, 
the latter show origin districts, which are some- 
what indicative of transportation distances and coal 
qualities. The differences between “shipments to” 
electric utilities shown in these tables and “con- 
sumption at” these plants, shown in Table 10, 
represent coal in transit, changes in stocks, and 
other balancing factors. 

In order to minimize any cost increases, and to 
meet the competition of other energy sources, the 
coal industry, in cooperation with the mining 
machinery industry, will continue its extensive pro- 
gram of mechanization, including underground 
mechanical loading and advanced surface mining 
equipment, and in cooperation with the transporta- 


methods and costs, quality, distances from point of 
extraction to points of utilization, and many other 
factors. Among the principal components of de- 
livered coal prices are (1) the f.o.b. mine prices 
of coal and (2) transportation costs. The following 
table indicates the relationship between these two 
factors and trends for the period 1961-1966 for 
bituminous coal and lignite for the United States 
as a whole and in the three regions covered by this 
report (referred to below as “Eastern’’). 


Average value Average rail Average mine 


f.o.b. mine freight rate value plus 

average rail rate 

U.S. Eastern! U.S. Eastern 2 U.S. Eastern 
$4. 58 $4.64 $3.40 $3.45 $7.98 $8. 09 
4. 48 4. 56 3. 32 3. 39 7. 80 7.95 
4. 39 4. 46 3,21 3.28 7. 60 7. 74 
4.45 4.52 3.11 3.16 7. 56 7. 68 
4. 44 4. 54 Bh 1S) Seal7. Th Sy) 7.71 
4. 54 4.65 3.01 3 3,05 7255 Hs 1D) 


3 Preliminary. 


tion industries will work towards reducing the 
delivered costs of coal. The accomplishments of 
the coal industry in this respect are indicated by 
the fact that mechanical loading of underground 
production has increased from 73 to 92 percent 
nationally since 1951, and strip mining from 22 
to 34 percent of total output. Productivity in- 
creased from 7 to 18.52 tons per man day, and 
there has been significant stability in average f.o.b. 
mine costs, with some declines, notwithstanding in- 
creases in many of the components of coal costs 
during this period. Based on past experiences, and 
on expectations for continuing increases in effi- 
ciency, the Bureau of Mines has estimated that 
productivity by 1990 will increase approximately 
50 percent with the result that coal costs for power 
generation in the United States will remain com- 
petitive with other energy sources. 


D. Mine-Mouth Power Plants 


The location of power generating facilities in coal 
producing areas, at or near the mines, has been 
practiced for many years on a more or less localized 
basis. With important technological advancements 
in EHV transmission which permit the distribution 
of power over increasingly greater distances, and 
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the further development of intertie, or grid systems, 
the potentials for increased growth of the mine- 
mouth concept have been broadened significantly. 
Table 13 shows new “mine-mouth’ plants in the 
three regions covered by this report. 

“Mine-mouth” plants have many advantages to 
both the coal and electric power industries. Among 
these are lessening of air pollution problems, par- 
ticularly in those metropolitan areas in which gen- 
erating facilities to meet increasing consumer de- 
mand would otherwise be located. They reduce 
the need for and the cost of transporting and han- 
dling coal in bulk form, as well as problems of 
storage and ash disposal in metropolitan areas. They 
give coal an increased and “captive” market which 
otherwise might be served by competing energy 
sources. They also make coal-generated power avail- 
able for the encouragement of economic enterprises 
over wider distances, from the local producing 
areas all along the line to distant consuming 
markets. 


E. Transportation of Coal 
1. By Rail 


Coal continues to be the largest single item of 
all railroad traffic. Coal shipments originated by 
Class I railroads* in 1966 represented one-fourth 
of their total freight tonnage of 1.4 billion tons and 
produced one-eighth of all freight revenues.” 

In the case of Eastern District railroads, which 
serve the major coal fields east of the Mississippi 
River, coal shipments in 1966 represented 36 per- 
cent of total Eastern District tonnage and accounted 
for 20 percent of their freight revenues. 

Rail transport accounted for three-fourths of all 
coal tonnage loaded at the mines in each of the 
years 1963-1966. The balance was more or less 
equally divided between shipments by water and 
truck, as shown by the tabulation below. These 
data relate to bituminous coal and exclude the 
relatively small amounts (about 3%) of anthracite 
coal and lignite mined in those years. 


a. Railroad revenues from coal 

Gross revenue of Class I railroads from originated 
tonnage of bituminous coal has increased from the 
low point in 1961. On the other hand, average 
gross revenue per ton of bituminous coal hauled 


* Railroads having gross annual operating revenues of 
$5,000,000 or more, according to ICC classification. 
7 ICC: Freight Commodity Statistics. 


Coal Movement in Millions of Net Tons * 


Loaded at mine Shipped Used Total 
for shipment by by motor at pro- 
———_——— vehicle... mine. .ductian 


Rail Water 
1963.22. 334 51 61 13 459 
19645555. 349 59 66 13 487 
1965 ee 372 60 68 12 512 
1966 4.... 387 62 67 18 534 


3 NCA: Bituminous Coal Facts, 1966; US Bur. of Mines, 
1965-66 data. 
4 Table No. 9. 


by Class I railroads has trended downward during 
this same period, as indicated in the tabulation 
below. 


Gross Revenue of Class I Railroads from 
Bituminous Coal” 


Total Average 
($ million) ($ per ton) 
196 Ley rey nie ts pete sae 1, 009 3. 40 
1962... a aePseerentel pect etn 1, 035 3952 
Reckie Merwe Some ones Grogs 2 1, 065 ered | 
1 9G 4 orcas ea eee erste fees 1, 057 SoA 
1963 tr oe tie ieee. casa ate ea 1, 096 lle 
L9665 eee oat nee dtaens 1, 106 OnOs 


5 ICC freight commodity statistics. 


b. Volume train movement of coal 


The decline in average railroad gross revenue per 
ton of bituminous coal, as shown in the preceding 
tabulation, reflects among other things reductions in 
freight rates, averaging 30-50 percent on some de- 
liveries, made possible by volume train movements 
of coal introduced by the railroads to meet the com- 
petition of other fuels and other means of transport- 
ing energy. 

The railroads have developed the unit train to 
implement the new concept of economical opera- 
tion by volume train movements of coal. The unit 
train consists of light large capacity cars carrying 
up to 12,000 tons or more of coal on regular sched- 
ules between a single mine or group of mines and a 
single destination. Cars and related facilities pro- 
vide for fast loading and unloading, which permits 
greater utilization of capital investment, with result- 
ing operating economies. 
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The unit train is helping coal to maintain its posi- 
tion in the highly competitive fuels market. A major 
coal company reported that 80 percent of the coal it 
shipped to electric utilities in 1965 moved by unit 
train.® Industry-wide, it is estimated that one-third 
of all coal moved from mine to market in unit trains 
in 1967. 

An increasing number of coal companies and util- 
ities are investing in coal cars of their own to obtain 
the benefits of even greater rate reductions with unit 
train service. A leading coal producer expects that 
by 1969 about 800 large capacity coal cars of its own 
will be moving several million tons of coal annually 
to its electric utility customers in unit trains." 

Fast loading and unloading of coal is an essential 
element contributing to unit train economies. Devel- 
opments in this area include specially designed 100- 
ton hopper cars of a major coal carrier which can 
unload 7,200 tons of coal in 20 minutes at a cost of 
around one cent per ton compared with its usual 
experience of 4.5 cents. The cars are designed for 
automatic unloading while in motion through elec- 
tronic activation of the dumping equipment on the 
cars.® 

While unit trains provide train load movements 
to many of the major electric generating plants at 
substantially reduced rates, the shuttle train offers 
some of the more imaginative innovations in energy 
transportation that will contribute to lower fuel 
costs. The shuttle train is designed and operated 
solely to provide fast express service between a single 
coal mine and plant and usually includes such fea- 
tures as large capacity cars with locomotives dis- 
tributed throughout the train, loading and unload- 


ing in motion, and elimination of classification yards 
and layover points. 

A coal industry study shows that between 1965 
and 1970, a total of 22 new generating units of 
10,675 megawatts capacity in 13 electric generating 
plants will rely mainly on shuttle trains for fuel 
transport. The utility or coal operator will own the 
cars of the shuttle trains in a majority of the cases.° 

Even so, the unit train and the shuttle train may 
represent only steps in the direction of the more 
advanced “integral” train with is greater capacity 
cars, numerous engines spaced throughout the train, 
and other special equipment involving large new 
capital expenditures to provide a high-speed shuttle 
service between mine and market. Successful appli- 
cation of the integral train concept will depend in 
part on the ability of shippers and receivers to han- 
dle the large volumes necessary for economical 
operation.?° 

Expansion under the integral train concept is 
limited by the number of electric utility plants that 
can meet the minimum loading requirements of 
1.5 million tons of coal per year. This analysis of the 
situation was made several years ago by a leading 
railroad car manufacturer, who estimated at that 
time that only 10% of electric plants consuming 
45% of utility coal could meet such minimum 
requirements.** 

A more recent estimate for purposes of this sur- 
vey indicates no significant change in the foregoing 
analysis. The results of this study covering the 
United States and the three regions covered by this 
section of the survey (referred to below as Eastern) , 
are as follows: *? 


All plants Plants consuming over 1.5 million tons of coal 
Million tons Million tons 
Number per year Number Percent per year Percent 
Dutted States! tie she Riel Joos tes es 548 264. 3 48 8.8 105. 5 89.9 
eas terarts reid hike, Solemn wiv Bs). Ware ere 423 205. 8 37 B72, 83. 0 40.3 


c. Unit Train Rates 


The coal industry considers unit train rates in 
the 4 to 6 mils per ton mile range an absolute neces- 
sity to successfully compete with other fossil fuels 
and the atom.% 


National Coal Association: Ibid, p. 32. 
7 Railway Age, November 21, 1966. 
° Railway Age, February 20, 1967. 


This objective is still far from realization. A re- 
cent coal industry compilation of trainload rates for 


* Electrical World, November 15, 1965. 

*“T. H. Benham (R. W. Pressprick & Co.), October 
1964: Can Railroads and Coal Industry meet challenge of 
lower Atomic Power Costs? 

* 1. H. Benhan, ibid. 

* NCA: Steam Electric Plant Factors, 1966. 

8 Railway Age, February 21, 1966. 
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unit train shipments of bituminous coal from 
Pennsylvania and West Virginia mines to eastern 
destinations indicates a weighted average rate of 
7.85 mils per ton-mile for an average haul of 414 
miles. A similar compilation of train load rates ap- 
plicable to bituminous coal shipments to New Eng- 
land destinations averaged 7.07 mils per ton-mile 
for an average distance of 605 miles.** 

Trainload rates have since been increased, in 
some cases by ten percent or more. Effective Febru- 
ary 4, 1967, these rates on bituminous coal were 
increased by 10 cents per ton to New England 
destinations and 35 cents per ton to all other points. 
The increases were said to be due to inflationary 
cost increases and railroad industry re-evaluation of 
the economics of unit train operations. 

Subsequently, in March 1968, the railroad indus- 
try petitioned the regulatory agency for an increase 
in rates and charges on all commodities (Ex Parte 
259 \3 
15 cents per ton of coal.’® 

In short, greater economies must be achieved in 
coal transportation through technological advance- 
ment and improved operating techniques if the 
projected goal of 4 mils per ton-mile by the 1980's 
is to be realized. 


amounting to 5 percent with a maximum of 


2. Movement of Coal by Pipeline 


a. The Cleveland Electric Illuminating coal slurry 

pipeline 

The feasibility of moving coal in slurry form by 
pipeline has been demonstrated by successful op- 
eration of the 108-mile pipeline which served the 
Cleveland Electric [luminating Company from 
Cadiz, Ohio to its Eastlake plant between 1957 and 
1963. The pipeline operation was discontinued 
when lower trainload rates for bituminous coal to 
all C E I plants, induced in part by the pipeline, 
rendered it economically unattractive. 


b. Proposed Southern California Edison pipeline 
Now on the drawing boards is a 275-mile pipe- 
line which will carry Arizona coal in slurry form to 
the proposed 1,510 megawatt plant of Southern 
California Edison and other participating utilities 
in southeast Nevada.1® The bulk of the electric 


“ Bituminous Coal Producers Association: Tabulation 
from FPC Staff. 

* To become effective May 27, 1968 if approved. 

*° Electrical World, January 23, 1967; Oil & Gas Jour- 
nal, January 16, 1967. 


power will be delivered over long distance trans- 
mission lines to southern California. The project is 
a major facility of Western Energy Supply and 
Transmission Associates, a planning group consist- 
ing of 22 member utilities in seven western states. 

The contract with a leading coal producer calls 
for no less than 117 million tons of coal for the 
proposed pipeline to be delivered over a 35-year 
period. It is considered the “largest single coal 
agreement in the history of the coal industry.” The 
pipeline is a subsidiary of Southern Pacific R.R. 

The coal slurry will be a 50-50 (by weight) mix- 
ture of coal and water which subsequently will be 
de-watered to 25 percent water content before being 
fed into pulverizers for final drying and grinding. 
The resultant clear water will be used for plant 
make-up, while waste water will be disposed of in 
an evaporation pond as a pollution prevention 
measure. 

Pipeline transportation of coal must be given care- 
ful consideration in the future design of new electric 
generating plants, in view of its demonstrated 
capability. 


3. Coal-By-Wire 


Mine-site plants utilizing extra high voltage 
(EHV) transmission to carry power to load centers 
are obtaining increasing acceptance as a result of 
improved technology of electric transmission and 
the drive for cleaner urban air, among other things. 

A coal industry survey of energy transport plans 
for new coal-fired electric generating units coming 
on-line between 1965 and 1971 showed 25 units 
totaling 14,520 megawatts are at mine-site. These 
represented 40 percent of all units included in the 
survey; the method of fuel supply of the balance 
of new units surveyed is chiefly by shuttle train and 
waterways." 

Mine-mouth location with its decreased genera- 
tion costs may offset costs of transmission to the 
load center, so as to achieve an economic balance. 
Transmission technology is advancing to the point 
where 500 kv transmission voltage is a common- 
place and higher voltages in the 700-800 kv range, 
capable of transmitting 4,000 megawatts of power 
in a single overhead circuit, may be feasible by 
1990. 

The economics of extra high voltage transmission 
is grounded on the principle that the power loading 
of a transmission line is proportional to the square 


* Electrical World, November 15, 1965. 
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of the voltage, whereas line costs and related ter- 
minal costs increase only as the first power of the 
voltage. As a result, unit capital expenditures and 
unit transmission costs decrease with increases in 
voltage.'8 

The increasing public concern over aesthetics has 
intensified research into the economic feasibility of 
undergrounding transmission lines in more de- 
veloped areas as well as providing stimulus for new 
design of transmission towers to improve their ap- 
pearance. 


4. Water Transportation of Coal 


One-third of all shipments of bituminous coal to 
destinations in the United States, Canada and 
Mexico (excluding overseas exports and minor 
uses) are water-borne via rivers and tributaries, the 
Great Lakes, and tidewater during all or part of 


** Transactions IEEE, Vol. PAS—85, June 6, 1966. 


their journey. Coal loaded at the mine for shipment 
represents one-eighth of all coal 
production.?® 

Barge lines are adopting some of the cost-cutting 
techniques of train-load and shuttle train move- 


by water 


ments, resulting in a major extension of barge 
operations on inland waterways and at tidewater.”° 

A study by a coal industry consultant indicates 
that 13 new electric generating units scheduled for 
operation beween 1965 and 1969 aggregating 4,365 
megawatts capacity will receive more than 12 mil- 
lion tons of coal annually by waterway routes. 

A recent Electrical World survey shows that by 
1980 waterways will move or assist in the movement 
of an additional 24 million tons of coal per year to 
23 new electric generating units with total capacity 
of 9,648 megawatts.”? 


* NCA: Bituminous Coal Facts, 1966; p. 96. 
*® Electrical World, November 15, 1965. 
* Electrical World, April 3, 1967. 
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V. NATURAL GAS 


A. Introduction and Summary 


The continued importance of natural gas to the 
fuel economy of the electric industry is unquestioned 
notwithstanding the phenomenal growth of nuclear 
power projected in the next two decades. The rela- 
tively pollution-free quality of natural gas has en- 
hanced its value for producing electric energy, at 
least for the short term. 

Reserves of natural gas in the United States, both 
proven and potential, are estimated to be on the 
order of 1,000 trillion cubic feet and should be ade- 
quate to meet requirements in the foreseeable 
future. 

Natural gas requirements for all purposes in the 
United States during the next two decades are ex- 
pected to increase at an average annual rate of 
approximately 3 percent, rising from 17.8 trillion 
cubic feet in 1966 to 36 trillion in 1990.1 Gas as 
fuel for electric generation represented 14.6 percent 
of total U.S. natural gas requirements in 1966. 
Natural gas consumed in producing electricity in 
the three eastern regions covered by this report will 
increase by about 124% over current consumption 
levels to 545 billion cubic feet by 1990; however, 
gas will account for only 2% of total electric genera- 
tion in 1990 compared to 3.9% today. 

Gas-fired total energy systems are gaining increas- 
ing acceptance by the commercial and industrial 
market and will make inroads in the electric utility 
industry’s business. 


B. Reserves 


Proven recoverable reserves of natural gas in the 
United States, exclusive of Alaska and Hawaii, 
approximated 286 trillion cubic feet as of Decem- 
ber 31, 1966, according to estimates of the Commit- 
tee on Natural Gas Reserves of the American Gas 
Association.” This is equivalent to about 12,000 


* Future Natural Gas Requirements of the United States, 
Vol. No. 2, June 1967. 

* Potential Supply of Natural Gas in the United States 
as of December 31, 1966, Prepared by Potential Gas 
Committee. 


million tons of high grade bituminous coal and is 
sufficient to last about 16 years based on 1966 net 
production of 17.5 billion cubic feet. 

The additional gas that ultimately may be dis- 
covered and produced—the potential gas supply— 
has been estimated as 690 trillion cubic feet as of 
the end of 1966. This estimate was made by the 
industry’s Potential Gas Committee under the 
sponsorship of the Mineral Institute of the Colorado 
School of Mines, and represents gas supply not 
proved by drilling and therefore classified as 
“probable,” “possible” or “speculative” depending 
upon geologic conditions and degree of exploration.* 
The Committee’s estimate by supply areas and 
classifications is as follows (trillion standard cubic 
feet) : 


East Central West Total 
Probablesss.4e. oon 55 220 25) 300 
Possiblegaa eee oe 170 40 210 
Speculative....... 60 80 40 180 
otal ES 470 105 690 


The East supply area in the foregoing tabulation 
is approximately coterminous with the Northeast, 
East Central, and Southeast Regions in this report. 


C. Annual Requirements 


Annual natural gas requirements in the United 
States, exclusive of Alaska and Hawaii, for the 
period 1966-1990 have been estimated by the gas 
industry’s Future Requirements Committee under 
sponsorship of the University of Denver Research 
Institute.t Following are the Committee’s estimates 
of annual requirements for the United States and 
Regions 1 to 4, which include the Northeast, East 


° Tbid. 
* Future Natural Gas Requirements of the United States, 
Vol. No. 2, June 1967. 
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Central, and Southeast Regions plus Illinois and 
Wisconsin (trillion standard cubic feet) : 


United Regions 


States 1 to 4 
TP OGG em P eR ened ake cottala vavreusiircs oheulsls botews Wino 6.5 
NOMAD ence Se OOS LR OE nee D5 Us 
NO] Sept ace teases isis SS Ga Din SEM 25a5 9.1 
OOO MME te Mes ss a nce bee 28. 6 10. 4 
NOG OM ae free tes ao) 32. 0 11.9 
OOO Mere eh rienis ie Me hee Set 36. O 1335 


The rate of annual increase of future natural gas 
requirements reflect the degree of maturity achieved 
by the gas industry following its phenomenal growth 
during the era of pipeline expansion beginning 
shortly after World War II. The average annual 
rate of increase for the period 1966-1990 is ex- 
pected to be on the order of 3 percent—a substantial 
slowing down of the earlier growth rates. 


Annual percent 
of increase 


United Regions 

States 1 to 4 
OGG —7 eae Res cools cia tersie kenciaes ic 4.1 3.8 
ES ATES OB) 5. ce ISR te er er 2 92, Ef 
OGG OO Pree = ORS ore aoe ae ce 3.0 Bo) 


D. Gas for Electric Generation 


1. Statistical Data 


Natural gas as fuel for electric generation in the 
United States during the five-year period from 1961 
to 1966 increased from 1.8 to 2.6 trillion cubic feet,° 
an average annual growth rate of 7.4 percent for the 
period. The gas used for electric generation repre- 
sented. 14.6 percent of total natural gas require- 
ments of 17.8 trillion cubic feet in 1966.° 

In the Northeast, East Central and Southeast 
Regions, a survey conducted by this Committee indi- 
cates that gas for electric generation during the 
period 1966-1990 will increase from 243 to 545 bil- 
lion cubic feet, representing an average compounded 
annual increase of 3.4 percent for the period. 


° Federal Power Commission: Electric Power Statistics. 
° Gas consumption in 1966 by electric utilities covered 
in this report is given in more detail in Table 11. 


2. Role in Pipeline Economy 


To the extent that natural gas for electric gen- 
eration is off-peak or “valley” gas, it tends to pro- 
mote pipeline economy by permitting a higher load 
factor operation than otherwise would be possible 
if pipelines loading were determined solely by gas 
consumers’ daily and seasonal requirements. This 
results in lower rates for gas service to consumers. 


3. Regulatory Policy 


The Federal Power Commission, which has juris- 
diction over gas use through its regulation of inter- 
state pipelines, has in special situations authorized 
some additional gas for use in electric generation. 
The Commission’s policy in this respect is to deter- 
mine the public interest in each individual case, 
balancing long-term conservation against short-term 
benefits of air pollution control and fuel economics. 


4. Gas Prices 


The price of gas at the wellhead and to the con- 
sumer, including electric utilities, has remained rela- 
tively stable since 1960, as shown below.” 


Average Wellhead and Consumer Price of 
Natural Gas 


Consumer cost by class of service 


Average (cents/MCF) 
wellhead — 
Year (cents/ Industrial 
MCF) Resi- Com- (Including 
dential mercial electric 
utilities ) 
19608 ae 14.0 97 77 33 
196 leer 15. 1 100 78 34 
1962 ¥e2e% 155 100 79 35 
19632 15. 8 100 79 35 
1964..... 15. 4 100 78 34 
1O65r Ee 15. 6 100 78 35 
1966: 1529 100 77 35 


E. Gas-Fired Total Energy Systems 


Gas-fired total energy (TE) systems which com- 
bine on-site electric generation with waste heat 
utilization for air conditioning and process heat 
have been achieving increasing acceptance by the 
commercial and industrial market since the early 
1960’s. The number of installations was about 100 


7 American Gas Association, Gas Facts, 1966. 
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in 1964, in excess of 430 in 1967, and is expected 
to rise to 680 by the end of 1968.8 

A recent market sutdy conducted for GATE 
(Group to Advance Total Energy) by Battelle 
Memorial Institute predicted a potential TE mar- 
ket of 72,000 new and existing commrcial buildings 
through 1971; approximately one-fourth of these 
buildings are located in the eastern section of the 
United States. 


F. Liquefied Natural Gas 


The shipping and storing of liquefied natural gas 
(LNG) has only recently advanced from the theo- 
retical to the commercial feasible stage. The first 
commercial shipment of LNG, from Algeria to the 
United Kingdom and France, was delivered in 
1964. More recent contracts provide for large de- 
liveries of LNG from Alaska to Tokyo, commencing 
in 1969.° 

In the United States, several gas transmission 
companies are studying the economic feasibility of 
importing substantial volumes of LNG from Vene- 
zuela to provide new sources of gas to supplement 
their domestic supplies. The objective is to deliver 
pipeline quality gas in New York at competitive 
rates.*¢ 


G. Coal Gasification 


Technology for producing low-Btu synthetic gas 
from coal has long been available. The major em- 
phasis in the development of coal gasification proc- 
esses today is on the production of high-Btu gas with 
a minimum heating value of 950 Btu per cubic foot. 


* Electric Light and Power, February 1968. 

® Business Week, February 19, 1966; Oil & Gas Journal, 
January 1, 1968. 

*° Oil and Gas Journal, November 20, 1967. 


A product of this quality could be blended with 
natural gas without seriously diminishing unit heat- 
ing value, and could be transported economically 
through new or existing pipline systems from points 
of manufacture to centers of consumption. 

For different reasons, government, coal interests, 
and elements of the natural gas industry have joined 
to support research and development in coal gasifi- 
cation: government—to broaden the energy re- 
source base; the coal interests—to develop new mar- 
kets for coal; and the natural gas industry—to in- 
sure a long range supply of economical gaseous fuel. 
There has been a significant increase during the past 
5 years in efforts directed toward coal gasification. 

There are several reasons why coal is receiving 
favorable consideration: 

1. Coal is an abundant indigenous resource. 

2. Coal prices tend to remain relatively stable. 

3. Coal is a relatively inexpensive feedstock for 
gasification processes. In most areas of the 
country coal or lignite is available at 10 to 
20 cents per million Btu at the mine, whereas 
the price of the lowest grade petroleum prod- 
uct that might be used as feedstock for 
gasification is 40 to 50 cents per million Btu. 

At present, the cost of manufacturing gas can only 
be estimated. With coal at 15 to 16 cents per million 
Btu the cost of producing gas by any one of the 
proposed gasification processes would be about 50 
cents per million Btu. Depending on the size of the 
plant, the price of coal, credits for byproducts (sul- 
fur), assumed rate of depreciation, and anticipated 
average return on equity capital, synthetic pipe-line 
quality gas might be as low as 40 cents per million 
Btu. At present, the average price of natural gas 
available for resale near centers of consumption is 
35 cents per million Btu. 
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VI RESIDUAL OIL 


A. Introduction and Summary 


The outlook for residual oil for electric genera- 
tion has been somewhat dimmed by two major de- 
velopments since the National Power Survey was 
originally issued in 1964. First, the sudden emerg- 
ence of environmental quality as a major public 
concern and the resulting emphasis on low-sulfur 
fuel. Second, the widespread acceptance of nuclear 
power with its economic incentive and its appeal as 
a pollutant-free source of energy, notwithstanding 
certain urban-siting problems still to be resolved. 
The impacts of these and other developments are 
reviewed in this study. 

Residual oil will have a diminishing role in elec- 
tric generation during the next two decades, both 
in absolute values and percentagewise. Government 
oil import regulations, fuel desulfurization and stack 
emission control and costs, and developments with 
respect to a synthetic crude oil industry based on 
coal and oil shale are major factors affecting the 
future role of residual oil in the interfuel competi- 
tion for electric generation. 


B. Availability of Residual Oil 
1. Production and Imports 


Domestic residual fuel oil production dropped 21 
percent between 1960 and 1966 despite increased 
refinery crude runs, as refineries converted their 
residuum to more economically attractive products. 
Asphalt production increased almost twice as fast 
as crude runs, while coke production grew almost 
three times as fast. The following table shows how 
the disposition of residuum has changed since 
1960 :* 


Thousand barrels daily 
1960 1966 % change 


Domestic residual fuel oil 


DLOGUCHON seas fee ae 910 723 (—21) 
Residual fuel oil imports... . 630 ~—-:1, 032 64 
Total residual fuel oil. 1,540 1, 755 14 
Asphalt production......... 270 355 31 
Coke production........... 7\ 105 48 
Refinery crude runs........ 8,088 9, 444 17 


The relatively low yield of residual oil from the 
domestic crude makes the domestic supply of resid- 
ual fall far short of requirements. As a result, the 
federal oil import policy, which will be discussed 
later, is a critical factor. Imports represented 42 per- 
cent of total residual oil availability in 1960 and 
59 percent in 1966. 


2. Consumption 


Total consumption of residual fuel oil for all pur- 
poses in 1966 according to the Department of In- 
terior unpublished report of August 1967, is shown 


below: 
Total United States Eastern coastal 
areas 

End use ——. = 

Million Percent Million Percent 

barrels oftotal barrels of total 
Heating, i. ia 167 27 138 33 
Industrial....... 141 Aes} 95 23 
Electric utility... 141 23 112 27 
Vessels'.2. 2h oa. 74 12 34 8 
Military meso: 42 7 20 5 
Other ee 49 8 18 4 
otal). 614 100 417 100 


Electric utilities reporting to the Federal Power 
Commission ? increased their use of residual oil for 
electric generation from 86 to 141 million barrels 
between 1961 and 1966. The annual rate of in- 
crease was much greater in the later years but 
averaged 10 percent for the period.* Most residual 
oil is used in the coastal states where large tanker 
deliveries from Venezuela and, more recently, from 
Africa, minimize transportation costs. 

Electric utilities in the Northeast, East Central and 
Southeast Regions included in the recent survey con- 
ducted for this report estimate that residual oil 


1 Department of Interior unpublished study, August 14, 
1967. 

2 Oil used in 1966 by electric utilities covered by this re- 
port is shown in more detail in Table 12: 

? Federal Power Commission: Electric Power Statistics. 
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alone of all fossil fuels for electric generation will 
decrease both in absolute values and percentage- 
wise during the next two decades. Oil use will de- 
crease from 105 million barrels in 1966 to approxi- 
mately 57 million barrels in 1990. Oil’s share of the 
electric generation fuel mix will drop from ten per- 
cent to one percent during the period. 


C. Current Sulfur Content of Residual Fuel 
Oil 


An American Petroleum Institute (API) survey 
covering 96 percent of domestic refining capacity 
shows the average sulfur content of doniestically 
produced No. 6 residual oil to be 1.6 percent by 
weight. This closely checks with the 1966 Bureau 
of Mines survey which showed a 1.7 percent average 
sulfur content. About one-third of the samples an- 
alyzed in the Bureau of Mines survey showed a sul- 
fur content of 1 percent or less. 

Over 85 percent of the residual fuel oil which is 
imported into the United States originates in seven 
large refineries located in Venezuela, Netherlands 
Antilles and Trinidad. Venezuela is the principal 
source of crude for these refineries. The typical re- 
sidual fuel oil imported from these Caribbean 
sources contains 2.5 percent sulfur. 

The African crudes (Lybian, Algerian, and Ni- 
gerian) generally are low in sulfur content and will 
produce residual fuel oil with 1.0 to 0.5 percent 
sulfur without desulfurization. The fuel oil, how- 
ever, is usually substantially lower in viscosity and 
higher in pour point than the residual fuel oil now 
consumed in the United States. This presents some 
problems in converting U.S. consumers to African 
fuel oils. 


D. Cost of Residual Fuel Oil Desulfurization 


To lower the sulfur content of the fuel oil, it is 
necessary to lower its gravity and viscosity. The 
heat content of the fuel oil decreases directly with 
sulfur reduction, thus necessitating an adjustment in 
the overall economic cost. A comprehensive engi- 
neering study recently was completed for API show- 
ing the cost of desulfurizing Venezuelan residual 
fuel oil in a large scale operation. The fellowing 
costs were calculated: 4 


“Memorandum from Director of Office of Oil and Gas 
to Assistant Secretary Mineral Resources, August 14, 1967. 


Incremental cost per 
barrel based on 
Fuel oil sulfur content 5-year payout 
(weight percent after 


desulfurization ) Volume Heat 
basis equivalent 
basis 
9.5 (feed stock )i 0. .c cesses ee ee) Oe ee 
Lea ee Ps See ie oe oh ane ee $0. 40 $0. 50 
LiOpe nt £2 sass Se erie 58 1s 
OPS ek Slane bales Meee tena ee . 80 97 


These costs are for a Venezuelan operation. Costs 
to do the same job in the United States would be 
somewhat higher due to higher fuel and hydrogen 
cost. Presumably, high sulfur residuum could be 
used as fuel in the Caribbean. These costs include 
a credit for the recovered sulfur of $32 a long ton. 


E. Federal Oil Import Policy 


Restrictions on oil imports were imposed by the 
President under the Trade Agreements Act of 1955 
as extended in the Trade Expansion Act, which 
authorizes him to impose quantitative restraints on 
imports if they threaten to impair national security. 
The Oil Import Administration, under the super- 
vision of the Assistant Secretary-Mineral Resources, 
discharges the responsibilities imposed upon the 
Secretary of the Interior by Presidential Proclama- 
tion 3279 of March 10, 1959, as amended, “Ad- 
justing Imports of Petroleum and Petroleum Prod- 
ucts Into the: United States.” This proclamation, 
in the interests of national security, imposes restric- 
tions upon the importation of crude oil, unfinished 
petroleum oils, and finished petroleum products. 
The Administration allocates imports of these com- 
modities among qualified applicants and issues im- 
port licenses on the basis of such allocations. At 
the present time, imports of residual fuel oil are 
licensed but not limited on the Eastern Seaboard. 

At the present time, foreign oil can be imported 
at considerably lower costs than some domestic oil. 
This availability of foreign oil is in part a con- 
sequence of Federal policies. United States oil com- 
panies have been energetic in foreign exploration 
for many years. The Federal Government has en- 
couraged their activities by attempting to maintain © 
and develop mutually beneficial trade and invest- 
ment relations with oil-producing countries. There 
are strong advantages—national security and other- 
wise—to having a viable domestic industry, but im- 
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portant economic and security benefits stem also 
from a well-developed foreign supply, particularly 
one that is well diversified in source and owner- 
ship. The other sources of oil in both hemispheres— 
distributed in many countries and produced by 
many different companies, most of which have hold- 
ings in more than one area—add much to the 
security of supply for the United States. 


F. Oil From Coal and Shale 


Potential synthetic crude oils processed from re- 
serves of coal, oil shale and tar sands afford greater 
national security than the alternative of increasing 
reliance on oil imports. 

Industry sources estimate that 2.5 trillion barrels 
of synthetic oil could be recovered from United 
States coal reserves, plus 650,000 million barrels 
from U.S. oil shale and 300,000 million barrels 
from Canada’s tar sand.” 

The pilot-plant stage has been reached with coal- 
derived synthetic oil, although commercial feasibil- 
ity may still be 10 to 15 years away, depending on 
future developments in the competitive fuel mar- 
ket. Technology is farther advanced for coal lique- 


* National Coal Association: Coal News, March 1, 1968. 


faction than for shale oil extraction as a result of 
joint industry-government research efforts. 

Advantages of coal over oil shale in the produc- 
tion of synthetic oil include greater product yield— 
about 3 barrels of oil per ton of coal to 0.8 barrel 
per ton of shale—and practically no waste disposal 
problem. All coal is either liquefied or converted 
to char for use as plant fuel—compared to the big 
problem presented by waste shale. A disadvantage 
of coal vis-a-vis shale is the cost of the large volumes 
of hydrogen required in liquefying or gasifying 
coal. Another plus factor for shale is the recovery 
of valuable minerals in the shale mining and proc- 
essing operation.® 

Development of a U.S. shale oil industry de- 
pends upon release by the government of oil shale 
lands, most of which are said to be in the public 
domain, to private industry. A test case with respect 
to the validity of asserted mining claims is pending 
decision in the courts. 

Canada’s first tar sands project, which is ex- 
pected to produce a synthetic crude oil competitive 
with natural crude, went into operation in 1967." 


* Oil and Gas Journal, December 18, 1967. 
*The Commercial and Financial Chronicle: Octo- 
ber 26, 1967. 
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Vil NUCLEAR POWER 


A. Introduction and Summary 


Nuclear power technology progressed steadily 
from the days of the Shippingport, Dresden, and 
Yankee prototype generating stations of the late 
fifties till about the end of 1965. At this point, a 
combination of competition in the budding nuclear 
industry, practicable light water reactor systems, and 
electrical system demands for large, economical 
units coincided. The result was an unparalleled 
surge in the industry to “go nuclear.” During 1966, 
nearly one half of the new generating capability 
ordered was nuclear.t This phenomenal growth has 
been characterized by a broad and intensive indus- 
trial participation, with an awareness that the asso- 
ciated manufacturing and uranium industries must 
develop rapidly to meet the demand. Similarly, the 
need has become evident for fast breeder reactor 
development to improve nuclear fuel resources utili- 
zation and to better utilize the expected plutonium 
production of the present generation of light water 
reactors. Availability and cost of fossil fuels, im- 
proved capital investment aspects of larger nuclear 
systems, and the impact of air pollution on public 
opinion have been major considerations in fossil 
versus nuclear decisions. Indications are that nuclear 
power will assume an ever increasing role in power 
production, with a gradual transition to the eco- 
nomically advantageous fast breeder systems as that 
technology develops, predicted for the 1980’s. 

The great strides made in nuclear technology and 
the foresight of the Federal Government in encour- 
aging private industry to put the nuclear industry on 
a free enterprise basis has gone far toward making 
nuclear power economically competitive. Fast rising 
future energy requirements place even greater de- 
mands on development of nuclear power, and 
exploitation of all our fuel resources, and thus 
charges government and industry with having to 
meet these needs through the use of advanced con- 


*“The State of the Nation’s Power’—C. P. Avila, 
President EEI, speech to N.Y. Society Security Analysts 
January 17, 1968. 


cepts such as the fast breeder system, and more 
economical construction and operating techniques. 


B. Operating Experience 


As of January 1, 1968, there were 16 operable 
nuclear power stations in the United States totaling 
2,810,000 kilowatts of capacity.” Units range in size 
from about 10,000 to 500,000 kilowatts of electrical 
generating capacity. The 462,000 kw Connecticut 
Yankee Unit No. 1 (Haddam Neck, Conn.) 
achieved criticality on July 24, 1967 and reached 
full power in January, 1968. The 430,000 kilowatt 
San Onofre Plant of Southern California Edison 
and San Diego Gas and Electric went into regular 
commercial operation shortly after its dedication 
in January, 1968. In 1967 the Peach Bottom (Phil. 
Elec. Co.) high temperature gas cooled reactor 
went into commercial operation, demonstrating the 
practicability of this concept. However, most of the 
reactor systems in operation are of the light water 
cooled and moderated variety. Experience from the 
pioneer 90,000 kilowatt Shippingport Plant 
(Duquesne Light Co.—1957), the 200,000 kilowatt 
Dresden Plant unit (Commonwealth Edison Co.— 
1959), and the 175,000 kilowatt Yankee Rowe Plant 
(Yankee Atomic Co.—1962) has shown over a 
period of years the practicality and dependability 
of light water reactor systems. Consolidated Edison’s 
265,000 kw Indian Point Unit One (1962) is also 
building an impressive operating record. Operating, 
maintenance and availability experience of these 
units has been such as to convince the electric utility 
industry that their new generating requirements 
can be met safely and reliably by nuclear power. 


C. Nuclear Power Economics 


From its earliest conception, the main interest in 
nuclear power by the utility industry was in its 
potential for reducing costs of electric generation. 
Early nuclear vs. fossil cost studies indicated that 


2 AEC Release January 11, 1968. 
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while capital investment would be higher for nuclear 
plants, the fuel portion of generating costs would 
be much lower. The challenge therefore was to 
reduce total costs of nuclear generation and par- 
ticularly investment costs, to compete with fossil 
generation. Between 1964 and 1967, dramatic re- 
ductions in the capital costs of nuclear power sys- 
tems took place for the following basic reasons: 

Increased Unit Size—“Economy of scale”, or the 
lower unit cost which results with larger units and 
larger components. The reactor and steam genera- 
tor vessels, handling equipment, instrumentation 
and buildings represent a high portion of investment 
cost for any installation. Substantially less dollars 
per kilowatt of capacity are required by the large 
size units (500 mw—1,200 mw) present building and 
planned. 

Experience.—Experience by both reactor manu- 
facturers and the utility industry has resulted in 
lower capital costs due to a more well developed 
technology. 


Competition.—Increased competition in the 
manufacturing industry for utility contracts has 
resulted, and should continue to result, in lower 
construction and nuclear fuel costs, as well as design 
improvements for increased reactor system efficiency. 

It should be noted that by mid-1967 prices of 
nuclear steam supply systems rose substantially 
above those offered in 1966.* This component cost 
‘increase apparently has not yet been a deterrent to 
the competitive position of nuclear plants, based 
on the continued announcements of new nuclear 
units. 

The table below summarizes current estimates of 
the relative investment costs for comparable size, 
two-unit fossil and nuclear stations in the areas cov- 
ered by this report. Cost estimates are based on 
actual cost data reported for construction of exist- 
ing plants and available estimates on construction 
now underway for 1968-1974 completion. 


* Nuclear Industry, July 1967. 


Estimated Investment Costs of Two-Unit Base Load Steam-Electric Plants Fossil-Fueled and Nuclear 
(Exclusive of Step-Up Substations) January 1, 1968 * 


Unit Plant Total cost Cost 
Power supply area size capacity Type of construction Fuel (million er 
(MW ) (MW ) dollars) kilowatt 

Northeast: 
Maric? ase oeretnc err a ee 750 1,500 Conventional........ Nuclearsaaes $240. 0 $160 
600 1200 Conventional... 4-1. Coal/Oil...... 168. 0 140 
SPAT A ten in cents Ast tals, 2) 4 1, 000 2,000 Conventional........ INuclea naar 310. 0 155 
1, 000 2,000 Conventional........ Coal/Oil...... 280. 0 140 
55): NOV lS} sic see apt ence eae Mee 1, 000 2 OO0maConvenuOnale nant NUC eal at ne 300. 0 150 
800 12 600M Outdoor Blisayaeeee Coala. 2. aon 200. 0 125 

East Central: 

UNE: AS Be eee NG CRE Teen ee 500 1,000), Outdoor Blisi 2.2 - @Woali tet. 130. 0 130 
Ge Oh Tens Gee ies Cree eae eee 750 1500 Conventionale.-erpee Nuclear. mee 22550 150 
[V2 gerne lyel AS) Se Seas Ae iar a ea 800 1,600 Outdoor Blrs........ Goal Wann acre 200. 0 125 
Ibi te aa tye athato se eeciacd atin tla ements 750 1,500 Conventional........ Nuclear 225. 0 150 
750 1 O00 maG@onventionalany a. me Coal ean) tan ae 187.5 125 

Scutheast: 
BRN 2 ee Pete ccasy cteucns Siaveus 1, 000 2,000 Conventional........ INicléataen oe 280. 0 140 
650 1,300)@ Conventional. .-n6 Goallint i. shiek 156. 0 120 
PAV re citrate rhea RR a eet 1, 000 2,000" Conventional’..,. 4... Nuclear... 2. .:: 280. 0 140 
1, 000 2,000 Conventional........ Cial aera 240. 0 120 
2 2eANG 2 Dee elms seas tet 500 LeO0OMAConyentional---aeea.) Coal. ne. 110.0 110 
PES SS blr OkPe RES 1 ORT eee 750 1,500 Conventional........ Nuclear...... ID (0) 150 
500 1 OOO mexull) Outcdooreree ee, me Oaleen wr... 12550 125 
500 1000 “Bull Qutdoorssists.46eOiUs ote Genre 105. 0 105 


4 Extracted from ‘“‘Hydroelectric Power Evaluation,” Federal Power Commission, 1968. 


Note.—The unit cost runs from $20 to $25 per kilowatt higher for nuclear units than for coal units—or about 15 to 20% 


greater. 
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The ever increasing pressure on industry to abate 
air pollution is most significant in areas where pres- 
ent and future electrical power needs are the great- 
est. The certainty of more restrictive air pollution 
regulations and the economic impact of such regu- 
lations is making nuclear power increasingly at- 
tractive to the utility industry. 

Unlike fossil plants which must have a continuous 
supply of fuel moving to the site, nuclear plants’ 
relatively small fuel movements are infrequent, and 
fuel transportation becomes an extremely minor 
part of production costs. This freedom to locate 
nuclear plants without geographical regard to fuel 
sources enhances the installation of nuclear power 
generating facilities in areas of high fossil fuel costs. 


D. Nuclear Fuels 


A milestone with significant beneficial effect on 
the electric power industry occurred with the pas- 
sage of the Private Ownership of Special Nuclear 
Materials Act of 1964. This permits the orderly 
transfer from Government to private ownership of 
enriched uranium and plutonium produced by ir- 
radiation. The following table shows the timing of 
the related changes.°® 


TIME-TABLE 


Private ownership permitted______ 

Toll enriching of privately owned 
uranium can begin. 

AEC prohibited from entering into 
new lease agreements for power 
reactor fuel. 

AEC guaranteed purchase price for 
plutonium will terminate. 

Private ownership of special nuclear 
material mandatory, all prior 
lease arrangements must termi- 
nate. 


August 26, 1964. 
January 1, 1969. 


January 1, 1971. 


December 31, 1970. 


julyels 19:73. 


This legislation already has generated, and will 
continue to generate, desirable competition in the 
nuclear fuel industry. The only component of the 
fuel cycle still in government hands is the enrich- 
ment process; and the Atomic Industrial Forum 
with the AEC has initiated a study of the feasibility 
and desirability of transferring to private industry 
one or more of its gaseous diffusion plants for fuel 
enrichment. The utilities are exhibiting an increased 
independence from reactor suppliers in making ar- 
rangements for reactor fuel loadings beyond those 
contracted for at the time of placing the nuclear 
steam supply system orders. The options available to 
utilities range from that of the reactor manufac- 


* The Nuclear Industry—AEC, 1967. 


turer’s full fuel cycle service to that of the utility 
controlling many of the major steps in the fuel cycle. 
Recently many of the companies involved in the 
nuclear fuel cycle industry announced plans for 
moves into, or expansions, to handle the new re- 
quirements, This, combined with the transition by 
the uranium supply industry from the guarantees of 
a government supported to a private market, is ex- 
pected to have a long range favorable effect on 
nuclear fuel economics. 


E. Present and Future Status 


The Northeast, East Central and Southeast Re- 
gions lead the country in installed, ordered and 
planned nuclear power generation. In these three 
regions are located nine of the 16 operable nuclear 
power plants, 15 of the 21 plants being constructed, 
and 27 of the 40 plants planned.* Most of these 
future units are in the 800,000 kilowatt range, the 
largest of which is about 1,100,000 kilowatts 
capacity. 

The survey made by this Committee in 1967 ex- 
plored the present status and future plans of the 
utility industry in the Northeast, East Central and 
Southeast Regions up to 1990. The results are dis- 
cussed in Section ITI of this report. This study shows 
clearly the future plans of the Eastern utilities to 
utilize an increasingly greater proportion of nu- 
clear-fueled generation; from 0.5% of the total in 
1966 up to 65.4% in 1990. The effect of the heavy 
nuclear plant orders in 1966 and 1967 is clearly 
shown as the nuclear share of generation moves up 
to over one quarter in 1975, and in 1980 to nearly 
one-half of total generating capability in the East- 
ern United States. 

In a recent report of the Joint Committee on 
Atomic Energy, Mr. Phillip Sporn, retired President 
and Director, American Electric Power Company, 
predicts a considerably slower growth for nuclear 
power than the results of this committee’s survey in- 
dicated. Due to increased capital costs of nuclear 
plants starting in late 1967, the lack of units in oper- 
ation above 500 megawatts size, Mr. Sporn predicts 
that nuclear power will provide only 34% of the 
nation’s generation by 1987 and 50% by the year 
2000.’ This is markedly less than the percentages 
predicted by Eastern United States utilities in this 
committee’s survey. 


® AEC Release—January 11, 1968. 

7“Nuclear Power Economics—1962 through 1967, Re- 
port of Joint Committee on Atomic Energy, February, 
1968.” 
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Vill 
A. Introduction and Summary 


Regulations requiring the control of air pollution 
can become a major factor in the availability and 
cost of fuels to electric utilities, particularly where 
fuel characteristics are prescribed. The magnitude, 
direction, degree and rate of application of such 
regulations are difficult to predict with any certainty 
and their effect on availability and price of fossil 
fuels is, similarly, difficult to determine. 

There is no doubt, however, that air pollution 
controls will be applied to an ever greater degree and 
over an increasing area. The goal of clean air is 
prompting action at all levels of government. The 
most recent laws passed by Congress direct the 
Federal Government to institute regulations if effec- 
tive action is not forthcoming from the individual 
states. 

The method of control can have a considerable 
effect on the fuel supply. If applied through regula- 
tions requiring higher quality fuels, a severe disloca- 
tion of normal marketing patterns may result. If 
the emphasis is on control of stack emission rather 
than fuel characteristics, an alternate choice is avail- 
able, permitting the fuel consumer to select the most 
economic method. In this latter case, changes in the 
fuel market would not be as severe. Other factors 
are the degree of cleanliness required for the air, and 
the rate at which regulations are applied in the 
different areas of the nation. 

Increased costs will result to the utility using fossil 
fuels and to the customers of the utility as a result 
of air pollution controls. There may be some minor 
off-setting factors in the form of reduced operating 
and maintenance costs because of the better quality 
fuels. In addition, increased electric demand may 
result as other industrial and commercial organiza- 
tions, faced with similar regulations, turn toward 
electricity as their energy source to help solve their 
own pollution control problems. 

Control of sulfur oxide emissions and other pol- 
lutants will be required to some degree throughout 
the nation. 


EFFECT OF AIR POLLUTION CONTROL ON FUEL AVAILABILITY AND COST 


The states that are large producers, as well as 
consumers, of coal may be reluctant to apply too 
severe sulfur restrictions to fuels without some indi- 
cation of the real danger levels. Therefore, the 
emphasis in some areas may be on the development 
and installation of suitable stack processes to reduce 
or remove the pollutants. 

A choice of control method, whether stack process 
or low-sulfur fuel, will give industry greater flexi- 
bility in arriving at the most economical solution. 

It may be more economical to use lower sulfur 
fuels than stack processes on smaller and older 
equipment. Where regulations permit a choice of 
control method, the higher capital costs of stack 
systems tends to discourage their use at old plants. 
The smaller size, poor load factor, and short remain- 
ing life, make older plants marginal with respect to 
utilization of high capital cost equipment. The 
higher prices of low-sulfur fuels can be accepted 
more readily. 

Conversely, stack systems at new, large fossil-fuel 
fired plants can prove economical despite the high 
capital costs. The potential for reduced operating 
costs over the long remaining life of the plant and 
at large rates of fuel consumption is the primary 
reason. 

Pollution abatement regulations will result in in- 
creased demand for low-sulfur fuels, including con- 
versions from higher sulfur fuels, such as coal and 
residual oil, to low-sulfur coals, oils and natural gas. 
Changes in the fuel market may create shortages in 
supply and higher prices in some areas, while caus- 
ing disruptions in others. 

The net result will be increases in capital and 
operating expenses for the utilities, which will be 
reflected in increased rates which will be borne by 
their customers. 


B. Current Aspects of Regulation 


The most recent trend, and that receiving the 
greatest emphasis by government, concerns the con- 
trol of sulfur oxide emissions from. power plant, 
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industrial and heating unit stacks. Attempts have 
been made to control this constituent in the Los 
Angeles area for a number of years by restricting the 
use of sulfur-bearing fuel oil by the utilities in favor 
of sulfur-free natural gas. Data concerning the ef- 
fects of sulfur dioxide are conflicting. Sulfur emis- 
sion from power plant stacks constitutes only a 
small fraction of total pollution. 

A major attack on the problem is now underway 
in the metropolitan New York-New Jersey area. 
Sulfur content in fuel has already been restricted in 
New York City, New York State and in New Jersey. 
The U.S. Department of Health, Education and 
Welfare (HEW) has conducted regional hearings 
during the year, and a joint compact with the two 
states is awaiting approval. 

The regulations of the three jurisdictions differ 
in degree and detail but have the same general 
characteristics: 


1. Limitations on sulfur in fuel to 1% or 112% 
by weight for existing plants. 

2. Further reductions in the limit in the future. 

3. Permission to use stack devices to obtain 
equivalent sulfur reduction. 

4, Prohibition against new plants, unless long 
term supplies of fuel containing less than 
%4% sulfur, or equivalent stock control, are 
provided. 


Similarly stringent regulations have been imposed 
or proposed by other state or local jurisdictions. 
Examples include Duval County, Fla.; Falls 
Church, Va.; Montgomery County, Md.; Arlington 
County, Va.; and Washington, D.C. In some juris- 
dictions, however, the adoption of stringent regula- 
tions has been deferred until stack emission control 
devices become available. 

Less severe limits, equivalent to a range of 1% or 
2% sulfur, have been enacted in and around St. 
Louis, Mo. Progressively more lenient controls are 
in force or proposed for a number of other scattered 
local areas or states. 

The federal pollution control laws permit local 
areas to assume the initiative in this matter. Where 
local initiative is ineffective, HEW may step in and 
impose its standards for that region. Failure to 
impose control measures at the local level is, there- 
fore, no guarantee that further action will not be 
taken. 

Although government has played an ever in- 
creasing part in the pressure for control, many 
others are involved in the search for a solution. 


Research is being sponsored by manufacturers, 
utilities, and organizations in and out of the utility 
field to determine factually the actual effects of 
gases such as sulfur oxides. Results of such scientific 
investigations will assist greatly in permitting setting 
of realistic standards. This will allow necessary pro- 
tection of public health and property and at the 
same time insure that unduly restrictive and expen- 
sive regulations are not imposed. 


C. Methods of Sulfur Control 
1. Changes in the Art of Generation 


The recent upsurge in nuclear plant orders is 
motivated by both economics and the reduced air 
pollution potential. Installation of low fuel cost nu- 
clear units will tend to reduce the use of the older 
fossil units, thereby effecting a further improvement 
in air quality. 

Nuclear stations tend to be base-loaded, neces- 
sitating the use of new types of peaking generation. 
Two of these techniques are pumped-storage and 
internal combustion units, including gas turbine 
generators. 

Pumped-storage hydraulic systems require energy 
during off-peak hours to restore the level of water 
in the upper reservoir. This is done now with effi- 
cient fossil equipment which contributes less pollu- 
tion per unit of energy. As nuclear generation comes 
on the line, it will provide more and more of these 
pumping requirements. Internal combustion equip- 
ment, such as gas turbines and diesel engines, burn 
natural gas or low-sulfur distillate fuels. 


2. Low-Sulfur Coal 


Large quantities of low-sulfur coals are present 
in southern West Virginia and the contiguous areas 
of Virginia and Kentucky. Those consumers now 
using coals mined in Pennsylvania, Ohio, northern 
West Virginia, and Indiana, could be required to 
look to the southern fields for large quantities of 
low-sulfur coal if air pollution regulations are ap- 
plied on the sulfur content of the coals which they 
use. In order to meet the demand, production of 
coal from these low-sulfur areas would have to be 
increased substantially. The net result would be 
strong competition for the more suitable coals and 
an upward surge in prices, while the abandoned 
coal areas would suffer economic losses in capital, 
wages, service and taxes. 

Not all of the low-sulfur coals are physically or 
chemically suitable for the boiler-furnaces of the 
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utilities. Many of the coals tend to be high in ash 
fusion temperature or more difficult to grind. Much 
of the utility fuel-burning equipment has been de- 
signed for the characteristics typically found in the 
most accessible fields, including northern West Vir- 
ginia, Pennsylvania, Ohio and Indiana, and could 
not be modified for southern coals. In addition, the 
reserves and output may be dedicated to other con- 
sumers, especially to the producers of metallurgical 
coke for which many of these southern coals are 
ideally suited. 

Another problem stemming from the conversion 
to low-sulfur coals concerns the effect of reduced 
sulfur content on electrostatic precipitators. Many 
of the presently installed precipitators are designed 
for medium or high-sulfur coals. The use of low- 
sulfur coals results in a loss of efficiency and a re- 
sultant increase in fly ash emitted from the stack. 
Where this problem is of sufficient magnitude, con- 
siderable expense would be involved in supplement- 
ing or improving the installed equipment. 

Desulfurization of coal is not feasible in the pres- 
ent state of technology to the extent required by 
most regulations, although there is promise for the 
future. 


3. Low-Sulfur Oil 


Those utilities presently burning high-sulfur oil, 
or considering conversion to oil to solve their sulfur 
problems, will be faced with an apparently limited 
supply of naturally-occurring low-sulfur residual 
products. Such fuel oils generally are made from 
low-sulfur crudes available in limited areas of the 
world. The largest share of this crude and resulting 
residual fuel goes to foreign markets. Although the 
limited supply prevents any widespread application 
to the nationwide alleviation of SO, pollution, it 
can be a significant factor in certain localities. 

In addition to being in short supply, these natural 
low-sulfur oils have some characteristics that may 
present technical problems necessitating substantial 
capital investments. They have a higher paraffinic 
content and tend to solidify at temperatures below 
100° F. Also, their low viscosity may result in pump- 
ing problems. 

Desulfurization of the residual oils is technically 
feasible, because of experience with catalysts and 
hydro-desulfurization of other petroleum products. 
Adequate equipment is not installed at present, 
however, and very sizeable costs and considerable 
time are required for the installation of such facili- 
ties. Some incentive must be supplied to facilitate 


the authorization of the necessary funds. At present, 
estimates of desulfurization costs range from 40¢ to 
$1 per barrel, depending upon the method, feed 
stock, and final sulfur level. 


4. Natural Gas 


The use of natural gas is dictated by the eco- 
nomics of competition with other fuels. Where the 
use of low-sulfur fuels is required by legislation, the 
price of natural gas becomes less of an obstruction 
as a result of the greater price of low-sulfur oil or 
coal. 

Sudden and large increases in gas conversions 
by the utilities or other customers are not immedi- 
ately possible, however. Increases are limited by 
pipeline and compressor capacities, which cannot 
be expanded without substantial investment and 
considerable time. It is likely that small residential 
and commercial consumers will receive priority for 
any increased use, as opposed to electric utilities 
and other large users, except in certain special cases. 
The large consumer is better able to install equip- 
ment to handle other low-sulfur fuels or to use 
stack removal devices. 


5. Stack Control 


Tall stacks are an effective way of dispersing flue 
gases to prevent excessive ground level concentra- 
tions. Even during periods of temperature inversion, 
the gases may not reach ground level to any ap- 
preciable degree. Much effort has been expended 
here and in Britain to increase the effectiveness of 
tall stacks, including increased height and other 
innovations, such as multiple flues. 

Tall stacks are generally considered to be an 
effective interim measure for controlling air pol- 
lution. They have not, however, been recognized 
in most of the recently enacted regulations. 

Methods of removal of sulfur oxides from flue 
gases generally can be classified into two groups— 
additive systems and extraction systems. Many vari- 
ations are under study, test, or in the pilot plant 
stage, but commercial applications are not yet avail- 
able to any great extent. Some of the processes 
under study are itemized in the appended list. 

The additive systems involve the use of dolomite 
or limestone, injected into the furnaces directly or 
with the fuel, or into the “cold” end of the flue 
gas system. Dry or wet collection systems are re- 
quired to remove the resultant product and the 
unused part of the additive, thereby introducing 
a collateral problem of waste disposal. The wet 
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system, with fuel injection of additive, gives promise 
of a greater sulfur removal efficiency. 

The extraction processes are chemical plants 
which produce a salable product such as elemental 
sulfur or sulfuric acid. There are many different 
processes and variations thereof, but they have the 
same general characteristics, namely: (1) large 
space requirement—almost equal to that of the 
power plant itself; (2) substantial capital invest- 
ment; (3) high operating cost which may be partly 


product sulfur or sulfuric acid; and (4) possible 
operating problems. 

The additive systems appear closer to practical 
application because of their simpler design. Al- 
though they require capital expenditures for ad- 
ditive feeding equipment and end-product disposal 
facilities, these generally are less burdensome than 
for extraction systems. There are considerable oper- 
ating costs for the additive and for the collection 
and disposal of the greater quantity of waste 


offset, depending upon the market for the by- material. 


Table 1.—Electric Generation by Type of Fuel and Hydro Power, Northeast, East Central and Southeast 
Regions, Combined (Based on Survey by Fossil Fuel Resources Committee) Years 1966—90 


1966 1970 1975 1980 1985 + 1990 
Billion Percent Billion Percent Billion Percent Billion Percent Percent Percent Billion Percent 
Kwh Kwh Kwh Kwh Kwh Kwh 
Thermal generation: 
Coal 2 taste eae 491.3 79.5 644.9 77.5 722.9 61.1 740. 1 45.2 775. 4 35, 2 852.3 28.7 
10) I tes atk Seo eek oat) 61.6 10.0 58. 8 “pil 49.0 4.1 42.6 2.6 39, 2 1.8 36. 1 1,2 
ds) Fe) bs See eee 24.3 3.9 38, 9 4.7 39.9 3.4 40, 0 2.4 50. 2 2.3 57.9 2.0 
Nuclear! 3.45822. 4 3.1 5 42,2 5.1 313. 0 26. 4 751.9 45.9 1266. 0 57.5 1941, 7 65. 4 
Internal combustion_--_--- 7 1 2.0 2 2.1 2 2.6 1 3.4 1 5.1 2 
‘Total 23-2322 sane 581.0 94.0 786, 8 94.6 1126. 9 95. 2 1577. 2 96.2  2134,2 96.9 2893.1 97.5 
Hydro generation: A E 
Conventional. ...........- 36. 9 6.0 43.1 5.2 46.4 3.9 46. 2 2.8 43.8 2.0 41.2 V4 ; 
Pumped storage___._____- A ease ae: 2.0 2 10.4 9 15.4 1.0 25, 2 eal 34.0 (1.1 } 
POtaLi es Cee Ne eee 37.4 6.0 45.1 5.4 56. 8 4.8 61.6 3.8 69. 0 3.1 75. 2 2.5 
Total generation. ______- 618, 3 100. 0 831.9 100.0 1183.7 100.0 1638.8 100.0 2203, 2 100.0 2968.3 100. 0 


Table 2.—Electric Generation by Type of Fuel and Hydro Power, Northeast Region (Based on Survey 
by Fossil Fuel Resources Committee) Years 1966-90 


1966 1970 1975 1980 1990 
Billion Percent Billion Percent Billion Percent Billion Billion Percent Percent Billion Percent 
Kwh Kwh Kwh Kwh Kwh Kwh 
Thermal generation: 
Coal’. sooo eee ee een 130. 5 66. 6 157. 5 60. 0 156. 1 41.6 141.9 27.5 122.0 17.9 101.5 11.1 
Oil Bao E ene owen ee eens 43.4 22.1 43.8 16.7 36. 5 9.7 30, 1 5.8 26. 0 3.8 23.6 2.6 
C398 275- hnee ED EE 9.3 4.7 15.3 5.8 16.9 4.5 15.1 2.9 13.3 2.0 12.1 1.3 
Nuclear ees soe ese: 2.2 ta 30. 7 qs 7 148. 5 39. 6 309. 3 59.8 492. 7 72.5 747.1 81.7 
Internal combustion_____- 6 3 1.3 5 1.4 4 2.0 4 2.4 .3 3.1 3 
Lotalicxt 22.— egeen ee 186. 0 94.8 248. 6 94.7 359. 4 95.9 498. 4 96. 4 656. 4 96. 5 887.4 97.0 
Hydro generation: — = 
Conventional. _........--- 10.1 5.2 120 4.6 12.0 ey We 23 114 eo ee ed jL2] 
Pumped 'storago-260 2-2-2 eee es ee 1.8 7 3.5 9 6.6 1.3 12.1 1.8 16. 2 {1.8} 
Z b ; 
Total ee oss eee aoe 10.1 5.2 13.8 5.3 15.5 4.1 18.4 3.6 23.5 3.5 27.3 3.0 
Total generation________ 196. 1 100. 0 262. 4 100. 0 374.9 100. 0 516. 8 100. 0 679.9 100. 0 914.7 100. 0 
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Table 3.—Electric Generation by Type of Fuel and Hydro Power, East Central Region (Based on Survey 
by Fossil Fuel Resources Committee) Years 1966-90 


1966 1970 1975 1980 1985 1990 
Billion Percent Billion Percent Billion Percent Billion Percent Billion Percent Billion Percent 
Kwh Kwh Kwh Kwh Kwh Kwh 
Thermal generation: 
COUN Ns th ot aii AR i eee 199. 7 98. 2 269. 3 97.1 321.0 85.0 338. 8 67.5 371.1 55.8 434.4 49.5 
ONS os ee 2 1 3 iI ee ee hls eee ay Sasso Ae ESR Se 
(CCCs Ae A Sea eee a an 4 apt AOR - eS eee .3 aul ae! AAt 5 aa 
INUCIear corte ce eee 2 .9 4 4.3 1.6 50. 0 13.2 155.9 31.0 286. 1 43.0 433.3 49.4 
Internal combustion --_-__- 1 1 4 1 .6 ar 5 ay | st al bas ~2 
TT Otel See een a eee 201.1 98.9 274.7 99. 0 371.9 98. 4 495.6 98.7 658. 5 99.0 870.1 99. 2 
Hydro generation: 
Conventional __-___._-___- 1.8 9 2.4 .9 2.6 a0 2.6 5 PAT 4 2.6 .3 
Pumped storage _ _--..___- 4 2 Zz 1 3.3 9 4.0 8 4.3 6 4.0 5 
Gn Oi Ss eo ae ue rt 2.6 1.0 5.9 1.6 6.6 1.3 7.0 1.0 6.6 .8 
Total generation _______- 203. 3 100.0 277.3 100. 0 377.8 100.0 502, 2 100. 0 665. 5 100.0 876.7 100. 0 


Table 4.—Electric Generation by Type of Fuel and Hydro Power, Southeast Region (Based on Survey 
by Fossil Fuel Resources Committee) Years 1966-90 


1966 1970 1975 1980 1985 1990 
Billion Percent Billion Percent Billion Percent Billion Percent Billion Percent Billion Percent 
Kwh Kwh Kwh Kwh Kwh Kwh 
Thermal generation: 
Coalenente. 2222.20.28 SE 161.1 73.6 218.1 74.7 245. 8 57.0 259. 4 41.8 282.3 32.9 316. 4 26.9 
OUST aee 2s Le: 18.0 8.2 14.7 5.0 12.4 2.9 12.4 2.0 13.0 1.5 12.3 1.0 
Gas reese A. 14.8 6.8 23. 2 7.9 22.8 5.3 24.6 4.0 36. 5 4.3 45.3 3.9 
IN U1Clears ire tate le ee eee ae oe 7.2 2.5 114.5 26. 6 286. 7 46.3 487. 2 56. 8 761.3 64.7 
incernalicompustion sss 2es ses en ee ee .3 sul gb 3 ee ee iki eee ee Fr fap Sia ee At Nei eee 
Totalae 2. S202 ees 193.9 88.6 263. 5 90, 2 395. 6 91.8 583. 2 94.1 819.3 95. 5 1135.6 96. 5 
Hydro generation: 
Conventional. ------.----- 25. 0 11.4 28.7 9.8 31.8 7.4 31.8 5.1 29.7 3.5 27.5 2,3 5 
IPMMPOC StOlTALO =: won a ce Pen rs e Re e ee 3.6 .8 4.8 .8 8.8 1.0 13.8 1,2 
Totals eet 25.0 11.4 28.7 9.8 35. 4 8.2 36. 6 5.9 38. 5 4.5 41.3 3.5 
Total generation. --_-_--- 218.9 100. 0 292. 2 100.0 431.0 100. 0 619.8 100.0 857.8 100.0 1176.9 100.0 
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\ 
Table 5.—Coal, Oil and Gas Fuels for Electric Generation, Northeast, East Central and Southeast 
Regions (Based on Survey by Fossil Fuel Resources Committee) Years 1966-90 


1966 1970 1975 1980 1985 1990 
Quan- Equiva- Quan- Equiva- ‘Quan- Equiva- Quan- Equiva- Quan- Equiva- Quan- Equiva- 
tity | lent tity 1 lent tity | lent tity 1 lent tity 1 lent tity | lent 
tons tons tons tons tons tons 
Northeast: 
Coal... 3 ee 57.9 57.9 63.0 63.0 61.8 61.8 56. 8 56. 8 48.8 48.8 40.6 40.6 
Ollo se =o ey oe ee 76.5 19.1 69. 5 17.4 57.4 14.4 47.8 12.0 41.3 10.3 37.5 9.4 
Gast - £6258)... cee 100. 2 4.1 148.5 6.1 162.4 6.7 146. 6 6.0 129.1 6.3 117.5 4.8 
Rota aes foe eer eee en eee bot ih aetna S60. Oaeeon eee 82.19 Bee eee (4: 3 se eee eae 64,40. Seo 54.8 
East Central 
Coal .* setae 2a ees 82.3 82.3 105.6 105.6 124.5 124.5 131.5 131.5 144.0 144.0 168.5 168. 5 
Oils ee eee 3 1 5 a0 BY ie reper ee Aaa ee 3 1 3 1 
Gass... caer eee 2.0 8 3.8 2 1.8 1 2.8 xz 3.8 2 4.8 2 
Total ok eet tes ae Sees RIO: Sse es 105.:9 Gros ere D4 Ge ae 1351560. -eoe= 2 1443-022 ee 168.8 
Southeast: 
COal scence. sameeren sort 2 63. 2 63. 2 84.6 84.6 95. 4 95. 4 99.6 99.6 108. 4 108. 4 121.5 121.5 
OU CF ee eee ee ees 28.0 7.0 22.6 5.7 19.1 4.8 18.9 4.7 19.8 5.0 18.7 4.6 
Clasi® ) im BLISS eee 140.8 5.8 218.4 9.0 214.8 8.8 229.3 9.4 340, 2 14.0 422.2 17.4 
Total jth oes (0, O02 ee ne 09.3 jane n eer 109; 0 eee ae DW ie fas 127.4: eres 143.5 
Combined total: 
Coaleik ees ee AA ba 203. 4 203. 4 253. 2 253. 2 281.7 281.7 287.9 287.9 301. 2 301. 2 330. 6 330. 6 
ON Steerer ob ee ee 104.8 26. 2 92.6 23. 2 76.7 19, 2 66.9 16.7 61.4 15.4 56.5 14.1 
Gas Ree ee Ee 243. 0 10.7 370. 7 15.3 379.0 15.6 378.7 15.5 473.1 19.5 544. 5 22.4 
Total ho Se ces ee oe hae ere ee 240 Oat eee PA A a, spiel Rts a S16: 5 cea see eee B20 FL ea tee 336; Joe eee 367. 1 
1 Fuel quantities in millions of tons of coal, barrels of oil and MCF of questionnaire, and were computed using the following conversion factors: 
gas. 12,500 Btu per pound of coal; 150,000 Btu per gallon and 42 gallons per 
NoTE.—Fuel quantities are based on kilowatthour generation by fuels barrel of oil; 1,030 Btu per cubic foot of gas. The oil and gas equivalents 
and weighted average heat rates, respectively, reported on the F.F.R.C. per ton of coal are 4 barrels of oil and 24.3 MCF of gas, respectively. 


Table 6.—Preliminary Estimates of Coal Reserves, Northeast, East Central and Southeast Regions 
(January 1, 1965) 


[Million net tons] 


Percent sulfur content 


State 
0.7 or less 0.8-1.0 1.1-1.5 1.6-2.0 2.1-2.5 2.6-3.0 3.1-3.5 3.6-4.0 Over 4.0 Total 
Bituminous coal: 

WestaVirginin aan 20,761.0 26,710.6 21,819.7 13,2906 8,496.1 2,491.8 3,147.4 5,949.2.....______ 102, 666. 4 

Kentucky: 
Bast *.te ose eee 13,639.9 8,491.9 2,286.8 11,6588 11,1583 2,154.4 7 Wr etn ct a 90. a. a 29, 414. 8 
West ee ee 1, 119.6 162. 0 336. 3 3, 793. 6 12, 759. 3 13, 643. 3 5, 081. 3 36, 895. 4 
Virginia se 292 e ee 1, 981.5 6, 077.5 ES yon Wyn ek 128.9 Gee Sos. 5 See nen eae aes 2 ee 9, 820. 0 
Alabamate. 222 seen 889, 2 1, 189.3 5, 421.7 5, 182.8 458.8 ANG UA ERR So eee ee 18. 6 13, 577.3 
Indiana 3 197.5 173.0 3, 645. 2 4, 248.8 3, 543. 4 4,110.5 10, 872. 8 5, 105. 9 2, 944. 0 34, 841.1 
Pennsylvania__-_________- 44.0 1, 154. 4 7,624.4 12,4249 19, 689.5 9, 995. 6 5, 287.6 1, 150. 5 580.6 57, 951.5 
Mennesseeis A: nue Soe 8s = 3.3 160. 9 715.9 258. 7 178. 2 190. 5 219.7 43.8 68.5 1, 839, 5 
Georgia a8 9s a ee ee 1 | ee ORS Brak MR eB NS tol Fe A Mente dh Regge kel SD get BN ental ae 76. 0 
Maryland 2.05.2 senna ee hr en ee Oe 124. 6 191.8 208. 2 378. 6 56. 4 220. 4 1, 180.0 
Michigan. 2 a. see Se CS eg a ee ee eee 206, Ore Baeee ee 205. 0 
North Carolin a :.cfc fo aoe Scere ee ret ae ae eee ee ey ee 1100 ede oa eee See eae ee ee 110.0 
Ohigr ee te ea ee ee ee ee 611.0 369.0 2,110.2 2,750.4 7,810.5 9,785.3 10,1482 8,439.4 42,0240 
Total bituminous_______ 37,516.4 44,6446 44,639.4  39,461.4  36,926.7  31,282.5  42,475.4 36,3023 17,352.8  330,601.5 
Anthracite: "Pennsylvania. 22) °12,911/0 s2s22 22. eS ee ee ee ee ee ee 12, 211.0 
Grand totale 49,727.4 44,644.6 44,6394  39,461.4  36,926.7 31,282.5  42,475.4 36,3023 17,3528  342,812.5 


Source: Bureau of Mines, Department of the Interior, Information Circular 8312. 
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Table 7.—Shipments of Bituminous Coal to Elec- 
tric Utility Plants, Northeast, East Central and 
Southeast Regions (By Districts of Origin and 


Sulfur Content) Year 1964 


[Thousand net tons] 


Percent sulfur content 
District Total 
1.000r 1.1-3.0 Over 
less 3.0 
La ro tr ea ees Or Ae PEL NaH) D259 2 7 
SS eee ne es DON, Soe GAPE A 8, 529 8, 529 
Stand O cae tne re 2654 56sec cine 26, 436 
BA EEN A eae rags Nets ee rker slats 200 22,843 23, 043 
Tea re i oe POO S Bere cctorsrer poreawer neers 1, 005 
GEE cece sae 31, 054 135590) cet oi. 44, 404 
Qe ee Rae Aer 20,664 6,512 27,176 
LO roe ey Pee eter ae BL w00) hy AY 5, 287 
iM ee ee ee on ee ee, 8, 774 8, 774 
5, AM at Mes. OF 575 7396 temo oak 7, 971 
‘Total ee 32,634 102,602 39,916 175, 152 
Percent of 
totalee 18. 6 58. 6 22.8 100 


Source: Bureau of Mines, Department of the Interior 


Information Circular 8312. 
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Table 8.—Shipments of Bituminous Coal to Electric Utility Plants, Northeast, East Central and Southeast 
Regions (By Districts of Origin and Method of Shipment) Year 1967 * 


{Thousand net tons] 


Districts of origin 
States of destination 
Total i 2 3&6 4 7 8 9 10 ll 13 
Northeast: 
Massachusetts. ee ease eee 3, 418 743 2 OG lee seen soe 64 1,048 2 2See: 22 ee 
Connectiutz 22-262 ee ene 4, 030 2,19) case soe aos 001 2S Seiaoce 112 96 oot Soe Se ee 
Maine, New Hampshire, Vermont 
and, Rhode isiand ae ae 9 2 eee 532 
ING WY OF ksi see ek oe 14, 330 4, 271 163 7, 939 
ING@w/JerseVs2o- 52s ocn ee eee eee ee 6, 402 1,67) ee 4, 600 
Penrisylvaniaweccs. sate he a ee 23, 595 11, 306 5, 882 6, 360 
Delaware and Maryland___-______-_- 8, 713 5, 273 179 3, 217 
DistrictiofiColumbias =s=---- ses 546 AA NS eens 4 
Total Northeast} eee 22s eee ee 61, 753 26, 502 6, 226 24, 704 
East Central: 
O10 2 aes ee es ee 30, 086 220 575 2, 917 21, 701 79 2, 583 2. 01l 22. wes bee 
Indiana 2<2-4"3 eos ee 20,624 8. Sol 204 See cee aes coe eee ee eee 650 5, 408 3, 767 10;'799 -- -2eeees 
Michigan) 3s san ee ee 19, 602 192 250 1, 107 8, 160 19 8, 268 838 249 519 _- eee 
West Virginia 24.20 35 eee 12, 671 25046 oe ee 5, 038 1011 eee 4,576 4232.2 eS eee 
Kentuck yi... 22 ea ee 19; 087 2222s -c Rte esse ane eet ee een eee e ee ee eas 1,674 10,136 220 2S 
‘otalEast: Centralissss-- == se aeeene 97, 070 2, 458 825 9, 062 30, 872 98 17, 751 18, 393 6, 293 11313 eee 
Southeast: 
AT elNeSSCO? css 20 so ee oa ee oS 14 UT eae eee ce ee oe eee eee ano ee eee eee 7, 665 6, 375 462.25. 225 691 
Alabama and Mississippi___--------- 14) 550) eee ee eee ce ee eer 108 6, 235 21 ses eee 8, 186 
Virginig’ ss Sala oe oe es 8,806 es Ae Sh Oe we te ke eee, eee 811 8,085 2. 222s eee eee 
INorth Caroling sss. sseseae ao eee 14, 349 aoe aah de anette ee ane eae aens eee 8820" 13467 2: 225 = decoseseceee te 
South: Caroling j30 =e eee ee 9) SUhras- seeds ee ee eee ee 19 9; 8082... er eS ee 
Georgia and) Ploridas.==ss----— = WO; G10) ood Se te a one Se tes ee ee 5, 331 5,059 25 seen ee 129 
Total: Southeasts--2-eo=s— ase eee 66,968 28. 22 a eae ee eee eer 1,712 38, 514 17, 669 Ly ee a 9, 006 
Grand:total=--= SS ee 225, 791 28, 960 7, 051 33, 766 31, 111 2, 081 60, 076 36, 062 6, 360 11, 318 9, 006 


Source: Bureau of Mines, Department of the Interior. (Any differences 


coal in transit, consumption from stocks, and other balancing factors.) 


between “‘shipments to”’ and ‘‘consumption at”’ electric utilities represent 
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Table 9.—Shipments of Bituminous Coal to Electric Utility Plants, Northeast, East Central and Southeast 
Regions (By Districts of Origin and Method of Shipmeni) Year 1967 4 


[Thousand net tons] 


Districts of origin 
Methods of shipment UN Se 
Total 1 2 3&6 4 7 8 9 10 11 13 
Northeast: 
JER a ee 55 =: 34, 074 15, 700 1, 059 16, 899 239 95 S27 ee ee en ee eee 
Greatiiakess 2 = st ses sae eens pb! reaps 7 AS Pare ee 09 Migs SS Rea, se ee gee en ea 
Midewaters- oo e eee 23 14, 483 4, 599 21 6,000 teen nee ae 176 368 een ee ee ae ae Wee Sere ee See, 
Truck mete see eae ek 12 7, 151 5, 176 O76 peer tence ee ee ae ae ae ee ee ear ae Cea ee eens Steer eae ean oS 
River and ex-river______-- a 4448) Sos cae 2, 430 1676 esecenvocees tee ee AD Ree es Sear ae oe Se nee on gen emcee eee 
‘Tramway; ote.2_=-2--.---. 3 1, 768 1, 027 GaSe Demat aoe ant ee eee eae eee ee sare ae oa ane Sake Meee ae na oe ee ee lee eee fe aes 
Total Northeast_______- 100 §©61,753 26, 502 6,226 24, 704 239 271 3; SLL esas ae eee ee ae ee eee eee Sees 
East Central: 
FAT) -railseeee a. Pie 42 40,943 2, 049 234 276 14, 422 8 6, 178 5, 591 5, 653 6,532 hee eee 
River and ex-river________ 26 24867 ao eee 31 4,391 3, 522 71 6, 172 7, 818 391 DAC BV, 5 ee 
Great, Lakesees- 2s 14 13, 703 192 250 1, 030 5, 831 19 5, 337 276 249 BLO eee ees 
HriiG Kees oe as 11 10, 202 217 310 961 O32 roe eseeee 64 A708 cor eee 810222. ee 
Tramway, etc.?__-._.-...- if CP i hens Spee a pele oa 2, 404 3: 060 wee sso wace suse ae eee oe sae eae Oe Cae ae 
Total East Central_____ 100 =. 97, 070 2, 458 825 9,062 30,872 98 17, 761 18, 393 6, 293 LSS eeeeeccee 
Southeast: 
PAC -ralleen cece Seco os 18 40) 221 ers e ee ease an rae caer ree see e ease 1,712 36, 945 1, 160 Beene nee 3, 410 
River and ex-river___.-_-- 22 14, 649) re eee Se a ee aoe tat eeana soca sane S 10, 509 Ci. ee 4, 073 
PST CK eee ee Pe 3 900 33a ee an eee) Ee eee ee eee oe L569 pecan as Ss 5 Ae 421 
Tramway, etc. ?____.----- 2 typ (7 Re a oe ee ae ee RE a ee Ee eye eames 1, 102 
Total Southeast..______- 1002 66) 968. 205 a een tee er eee ee Ie 1,712 38,514 17, 669 ya te ee 9, 006 
Total all regions: 
FATA] ee eee ee 55 =: 124, 244 17, 749 1, 293 17, 175 14, 661 1, 815 43, 205 12, 751 5, 653 6, 532 3, 410 
eicowalerneere rs. sees ae 6 14, 483 4, 599 21 6000 eeeee ee 176 0 OR (pera a ee ne ee ee eee 
River and ex-river______-- 19) | 43) (664-22 ee 2, 461 6, 067 3, 522 71 6, 214 18, 327 458 2, 471 4, 073 
Greatdsakes)...-. -.o2c-<- 6 13, 832 192 250 1, 159 5, 831 19 5, 337 276 249 O19 en es 
PE rriCK eee fe 9 19, 343 5, 393 2, 285 961 3; 132 eee eee 1, 633 4108 et 810 421 
Tramway, etc.?___._._-_-- 5 10, 225 1, 027 741 2, 404 9B; OGD yAseee = Sareea Ree RN FPR es 986 1, 102 
Grand total__...__----- 100 225, 791 28, 960 7,051 33,766 31,111 2, 081 60, 076 36, 062 6, 360 11, 318 9, 006 


1 Source: Bureau of Mines, Department of the Interior. 
2 Tramway, conveyor, and private railroad. 
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Table 10.—Coal Consumed by Electric Utilities, Northeast, East Central and Southeast Regions, 


Year 1966 
Installed Net Coal Cost per ton Cents per MM btu Average Percent 
States capacity generation consumed <a eel DOF coal/all 
(000 Kw) (MM Kwh) (000 tens) F.O.B. As F.O.B. As pound fuels 
plant burned plant burned (btu basis) 
Northeast: 
Massachusetiso*. . tens see eee ee 3, 793. 1 19, 717.3 3, 725 $8. 78 8. 98 34.3 35. 1 12, 788 45 
Connecticut: 2.5" &- es. 2-5 See 2, 235. 5 12, 363. 1 4, 429 8. 03 8. 24 81. 2 32.0 12, 857 84 
Maing se ete 26-55 1 ees eee ce ee 436. 6 2, 400.8: 22 2 2oee 2c wtb ocrew es 22 eee de on ements oscncta decade esse eee 
Nev Hampshiro® So =. 2-22 -0 eae ee 367. 2 1, 726. 3 311 9. 40 9. 59 34.6 35. 3 13, 596 45 
Rhoderisland 22ers re eo ee cee 365. 1 1, 284. 0 375 8. 96 9. 87 32. 8 36. 1 13, 658 62 
Vermont ee eee ek ae cee na ae 30. 0 57.8 32 N.A. 9. 89 N.A 36. 1 13, 706 100 
N GW J 61S Ys een oe ie ee 5, 991. 4 28, 749. 8 6, 836 7. 78 7.97 29. 5 30. 2 13, 184 61 
New Vork State+3 2.020. . == 12, 971. 5 54, 954. 0 13, 079 7. 86 7. 97 29.7 30.1 13, 223 58 
New. York City =. =e 8, 909. 3 33, 776. 1 5, 087 8. 63 8. 64 oda 32.1 13, 459 35 
INV Excl. (NYiC02 ae eee ay 4, 062. 2 21, 177.9 7, 992 7. 38 7. 54 28. 2 28. 8 13, 073 99 
‘Pennsylvania s92 = 552. = ee eee ee 10, 090. 1 57, 429. 7 24, 124 5. 52 5. 74 22. 4 23.3 12, 319 93 
Philadelphia) se 220 3, 205. 2 16, 006. 5 4, 759 7. 83 8. 09 29.0 29.9 13, 516 76 
Paz Excel: Phila-2--- 3ee ee eee 6, 884. 9 41, 423. 2 19, 365 4. 94 5. 16 20. 5 21.5 12, 024 100 
Delaware eg ot et ee ee een 725.3 3, 382. 6 1,174 7. 33 7.40 28. 2 28. 5 12, 992 87 
Maryland 2223.2 eee er ee eee 3, 484. 0 17, 321.3 6, 678 7. 18 BOLE 27.8 27.8 13, 081 99 
DistrictiofiColumbias- 2.20 eee 533. 8 916. 5 494 8.35 8. 98 31.7 34,1 13, 159 98 
‘TotalNortheasteses ee oe ee 41, 023. 6 200, 303, 2 61, 257 6. 92 7.10 27.0 27.8 12, 794 72 
East Central: 
Onigt se See. 2 et Ce eee 11, 819. 7 60, 038. 0 26, 645 5. 10 5. 23 21.8 22, 4 11, 692 100 
TG ta1 8s 2 ee ne ee Fee Se eee 8, 102. 2 45, 544.9 19, 506 4. 74 4. 84 PALI 21.5 11, 225 96 
Michigan: == ic 234 Goss 5 a coe ee ee 7, 701.3 42, 551. 2 17, 522 7. 38 7. 33 29.3 29.1 12, 603 100 
West: Virginia{ 22.22). 22 eae say 4, 527.8 25, 683. 5 10, 789 4.15 4, 23 17.5 17.8 11, 848 100 
Keen tacky avec oe eres cee eer ae 5, 755. 0 29, 848. 7 12, 557 3. 63 3. 72 15.9 16.3 11, 405 100 
Totali bast; Central. -- =e. ee ae 37, 906. 0 203, 666. 3 87, 019 5.15 5. 22 21.9 22.2 11, 749 
Southeast: 93 
FD OTINCSS80 = aS ae ee ee ee 6, 253. 7 31, 141.1 11, 756 4, 33 4, 42 18.5 18.8 11, 728 98 
Alabama esse oe) eee eS 6, 631. 8 34, 930. 7 13, 935 5.19 5. 25 21.8 22.1 11, 910 
IMissiseip pi. cet) hea eee ee ee 1, 219.8 5, 282. 0 18 N.A. N.A. N.A N.A. 12, 790.5. eee 
Witginia 2) - 2-2 ee ee See 4,441.3 22, 543. 5 8, 322 6. 54 6. 63 25. 1 25. 5 13, 001 99 
NorthiCarolina 28-2 see ee 5, 371.0 30, 759. 4 11, 467 7. 02 7. 05 27.4 27.5 12, 822 99 
South Carolina 3252-29 s. oeeeee 1, 665. 3 9, 665. 5 2, 969 7. 35 7.40 29.0 29. 2 12, 677 79 
Georgian? 2.2 2s eee eee 3, 097. 4 14, 769. 1 6, 094 7. 02 7. 09 28. 5 28. 8 12, 299 100 
Floridan se oe eee 8, 748. 3 33, 631. 8 3, 012 6.15 6.17 26. 4 26. 5 11, 643 20 
‘Total Southeastsses te ee 37, 428. 6 182, 723. 1 57, 573 5. 93 5.99 24.1 24.4 12, 281 78 
Grand! Total == 2 5. 2 eee 116, 358. 2 586, 692. 6 205, 849 5. 90 6. 00 24.1 24.6 12, 208 83 


Source: “‘Steam-Electric Plant Factors/1966,’’ National Coal Associ- 
ation; based on data reported to the Federal Power Commission. Due to 


reporting limitations, the NCA study does not include all steam-electric 
plants. 
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Table 11.—Gas Consumed by Electric Utilities, Northeast, East Central and Southeast Regions, 


Year 1966? 
Installed Net Gas con- Coast of gas burned Average Percent gas/ 
Stated capacity generation sumed (MM (Btu per All fuels 
(000 Kw) (MM Kwh) cubic feet) (Centa/ (Cents/ cubic feet) (Btu basis) 
Mcf) MM Btu) 
Northeast: 
IMassachusetisace. =< 24 e022 5 tenn n= Fee 3, 793. 1 19, 717.3 9, 314 33. 7 33. 7 1, 000 5 
Connecticutsas (22a te Leo eae ee soe ae oe 2, 235. 5 12, 363. 1 352 36. 6 35, 4 1, 032 (2) 
(Main Gia eer Sams oe rd Pee on eR SS 436. 6 2; 400: 8 Bese eee a ate ei ORE Fe eae SE ee ae a2 ee oe 
ING wablampshirgrs sss. —se0 Sonn ee ee 367. 2 Ui (20g 0a nae oe ae coe Boe meee Re SE Yh aa ete eS SSE, SO ee 
Rhodesian dase + = 5s- sao. 2. oe ae 365. 1 1, 284.0 226 33. 9 32. 9 1, 030 1 
BVIGTRION Gamer ere ee eae sie ee ee a ner 30. 0 LY cc ek yt St ey = ha mer a ns EP APE ee 
ING Wad FSC Va. otc ee hed ee eS 5, 991. 4 28, 749. 8 21, 187 29. 5 28. 4 1, 041 7) 
ING Wey ork: States.<--4 es ee ee ee 12, 971.5 54, 954. 0 70, 877 37.6 36. 1 1, 040 12 
ING Wav Or kiGity =. sn er ee 8, 909. 3 33, 776. 1 69, 107 OLE 36. 2 1, 040 19 
ING Yc OXClaN, Y Cice see cs 2. ees 2 ee See 4, 062. 2 21, 177.9 1, 770 35. 1 33. 6 1, 044 1 
Pennsylvania tee ee eee = oe eee esse 10, 090. 1 57, 429. 7 525 36, 2 34. 8 1, 041 (2) 
Philadel phiqn=222 = ene. c= = ee ee 3, 205. 2 1600656 eee ee eae rns Nee Aiea ee ee ER ea 
Iba xexcl Phila J. & See ee ee ee a 6, 884, 9 41, 423. 2 525 36. 2 34.8 1, 041 (2) 
ie ek a ee ae 725. 3 3, 382. 6 3, 942 30.8 29.9 1, 036 12 
MALY ION wee eee a ee a ee ee ee 3, 484. 0 17, 321.3 72 42.0 41.0 1, 025 (2) 
District ofsColumbia.--e-e2- oe ee ee 533. 8 O16::5 Pee. see ee gee Se = a te eo ee ee ay eee ee Oe ee ens a 
Feotaly Northeast 2-2" es seo oe eee ee LE 41, 023. 6 200, 303, 2 106, 495 35. 4 34.1 1, 037 5 
East Central: 
Ogre ee ee So ee ee ee A eS 11, 819. 7 60, 038. 0 32,772 3 §1.3 3 50. 4 31,017 (2) 
JORG TATE Sahin RCE OR = Oe Ae 57 eee en 8, 102. 2 45, 544.9 16, 122 26. 0 25. 2 1, 031 4 
vi chiigaiy sew sore = eres a I ee 7, 701. 3 42, 551. 2 82 47.7 46.6 1, 023 (2) 
iWestaV irginin fees: oo ees See 4, 527.8 25, 683. 5 4892 4 47.0 442.9 41,100 (2) 
aContuck yee sees oe eee eee ee 5, 755. 0 29, 848. 7 747 22.4 21.6 1, 035 (2) 
Totaleast Central. = 222-5 -- = 258... ae 37, 906. 0 203, 666. 3 20, 615 26. 7 25. 9 1, 032 1 
Southeast: 
ST.GTINOSSO0 he tee. oa a een he eee ee 6, 253. 7 31, 141.1 18, 755 21.5 20. 5 1, 056 7 
FAS oan a see eee Se a eee ye a 6, 631. 8 34, 930. 7 7, 020 22.6 DAN ey 1, 041 2 
IMississinpismeeeee see. ee ee 1, 219.8 5, 282. 0 57, 074 24.7 23.6 1, 046 100 
Virginia, senses sos ee os eee oe Bee 4, 441.3 22, 543. 5 1, 360 N.A. N.A. 1, 050 1 
North) Carolinas se=.- bass <). eee ca Seen = 5, 371. 0 30, 759. 4 2, 652 29.5 28.0 1, 052 1 
South Carolinams--- econ: ee oe ee eee 1, 665. 3 9, 665. 5 18, 088 30. 4 28. 8 1, 055 20 
Georgia eee es ae Se. ee 3, 097. 4 14, 769. 1 389 33. 0 S152 1, 056 (2) 
Miorid am wer rea ne aa Se See Been ee Es 8, 748. 3 33, 631. 8 93, 993 33, 2 32. 6 1, 019 27 
Total Southeast =.= 2 25-- 5-202 525-28 se5- 37, 428. 6 182, 723. 1 199, 331 28. 9 28, 1 1, 034 11 
Grand totaloeee-<--- =.= eee eee 116, 358. 2 586, 692. 6 326, 441 30.9 30. 0 1, 035 § 


1 Source: “‘Steam-Electric Plant Factors/1966,’’ National Coal Asso- 
ciation; based on data reported to the Federal Power Commission. Due 
to reporting limitations, the NCA study does not include all steam- 


electric plants. 
2 Less than 0.5 per cent of total fuel consumed. 


Cost data are for 473,000 MCF of natural gas. 


Cost data are for 55,000 MCF of natural gas. 
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3 Quantity and average BTU include 2,299,000 MCF of artificial gas. 


4 Quantity and average BTU include 837,000 MCF of artificial gas. 


Table 12.—Fuel Oil 


Consumed by Electric Utilities, Northeast, East Central and Southeast Regions, 


Year 1966? 
Installed Net Fuel oil Cost per barrel Cents per MM Btu Percent 
States capacity generation consumed ——————————- ————————- Average __ oil/all fuel 
(000 KW) (MM Kwh) (000 Bbil) F.O.B. As F.O.B. As (Btu/Gal.) (Btu basia) 
plant Burned plant burned 
Northeast: 
Massachusetts=2-. = os eee eeene 3, 793. 1 19, 717.3 16, 890 $2. 02 $2. 04 32. 2 32. 4 149, 445 50 
Connoecticutis sc =s 23 aera ee once 2, 235. 5 12, 363. 1 3,477 2. 09 2. 11 33. 2 33. 5 149, 983 16 
Maing 22s sca se toss et ese ea eee 436. 6 2, 400. 3 4, 306 2.11 2.13 33. 5 33.9 149, 883 100 
New Hampshire > 34-22S a eee 367. 2 1, 726.3 1, 628 2. 02 2. 02 32.0 32. 2 149, 336 55 
Rhode Island#=4.-- --sas- eee seco 365. 1 1, 284. 0 980 2. 09 2.16 33. 4 34.5 148, 926 37 
Vermont. 2223 sesh eee 30. 0 6718) Been oo ase een oe cs cee ee Se ae ee ee 
NGW: J 6186 Y 2550 aa ee ee ee 5, 991.4 28, 749. 8 14, 918 1.94 1. 96 30. 9 31.1 149, 722 32 
New York Statess 2----. 25-3 ee 12, 971.5 54, 954. 0 28, 626 1. 98 2. 00 31.7 32.1 148, 821 30 
New) York City. * 25. 3-Yee cee ee 8, 909. 3 33, 776. 1 28, 583 1. 98 2. 00 31.7 32. 1 148, 821 46 
N-Y. Exel NY Cu) eee eee 4, 062. 2 21, 177.9 43 2. 66 2. 47 42.5 39. 5 149, 059 () 
Pennsylvania... 24. SS oe eee 10, 090. 1 57, 429. 7 6, 677 2. 04 2. 05 32.0 32. 2 151, 562 7 
Philadelphia c= =e eee 3, 205. 2 16, 006. 5 6, 531 2. 00 2.01 31.4 31.5 151, 861 24 
PS, excl er bila = eee eee 6, 884. 9 41, 423. 2 146 4. 06 4.03 70.0 69. 4 138, 177 (2) 
Delaware.) +s) -= =) oe 725.3 3, 382. 6 52 3. 04 3. 04 50. 0 50.0 146, 467 1 
Maryland. 2es26 cece cae ome 3, 484. 0 17, 321.3 177 2. 82 2. 82 45.7 45.7 148, 050 1 
District of Columbia. =--e---2=->- = esas 533. 8 916. 5 32 N.A N.A N.A N.A 150, 000 2 
Total Northeast: _ 2 o2- Sees £- ee 41, 023. 6 200, 303. 2 77, 763 2. 00 2. 02 31.9 32. 2 149, 485 23° 
East Central: 
Ohig=- = eee oe en ee eee 11, 819. 7 60, 038. 0 80 4.09 4.15 69. 2 71.9 140, 809 (2) 
Indiana. <5 - 2: ee ee eee 8, 102. 2 45, 544. 9 88 3. 92 3, 92 67.3 67.3 139, 042 (2) 
Michigan: —. ee) =2 2 ee ee 7, 701.3 42, 551. 2 13 3. 94 3. 94 68. 2 68. 2 137, 546 (2) 
WoestiV irginiass 22 22. ee 4, 527.8 25, 683. 5 43 4. 06 4.14 70. 4 71.9 137, 239 (2) 
(RGnCUCK Y= set 9 ore oe 5, 755. 0 29, 848. 7 2 3. 89 3. 99 65.9 67.6 140, 476 (2) 
Total East:Central- 2-22-22... 5.52255 37, 906. 0 203, 666. 3 226 4.01 4.05 68.5 69. 2 139,'275' 2a 
Southeast: 
‘Tentiesseo™ F842 5-2 Fe a 6, 253. 7 S114). Y cose ste onn 2 Sa oa 8 Sac a wenden s doen e ses sea sa soe ene 
ATabams- 722 Reaes .-oo eeee ee 6, 631. 8 34, 930. 7 34 N.A N.A. N.A N.A. 150, 900 (2) 
Mississip pice e842. .5 0.2 Bee 5 ee 1, 219. 8 5, 282. 0 18 3. 20 3. 20 49.7 49.7 151, 984 () 
Virginige =: 20 e- 22 Ses ees Sone 4, 441.3 22, 543. 5 70 4.17 4. 30 69. 4 75.9 143, 027 (?) 
North Carolina s=-- 2-0-2 eee 5, 371.0 30, 759. 4 33 4, 36 4,41 73.7 74.7 140, 777 (2) 
South Carolitial 222-22 - 22 ee eee 1, 665. 3 9, 665. 5 121 2. 32 2. 32 37.0 37.90 149, 397 1 
Georgia: ose oe ae nee ee ee 3, 097. 4 14, 769. 1 33 3. 94 3.97 68. 1 68. 6 137, 662 (2) 
Florida 2) fee eee eee 8, 748.3 33, 631. 8 30, 026 2.10 2. 09 33. 4 33.2 149, 578 53 
Total Southeast...-- 222-3. 52.22 2222 37, 428. 6 182, 723. 1 30, 335 2.11 2.10 33. 6 33. 4 149, 539 ll 
Grand totale= 2-2. ee 116, 358. 2 586, 692. 6 108, 324 2. 03 2. 05 32.3 32.7 149, 479 11 


1 Source: ‘‘Steam-Electric Plant Factors/1966,’’ National Coal Associa- 
tion; based on data reported to the Federal Power Commission. Due to 
reporting limitations, the NCA study does not include all steam-electric 


plants. 


2 Less than 0.5 percent of total fue] consumed. 
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Table 13.—Minemouth Electric Plants of 500 Megawatts Capacity and Over, Northeast, East Central 
and Southeast Regions * 


Plant Mega- Opera- Operator 
watts tional 


PLANTS IN OPERATION PRIOR TO 1967 


PATAacisesNO ml vers sepaa cornet seeeacalbns Mose trea ees 700 1963 T.V.A. 
ParadiseyNo.t 2tive veri cg eee eo Secrest 700 1963 T.V.A. 
Planners CireekiNoy,.4 socom cian cco eee 580 1964 Indiana Michigan Electric Co. (AEPCO). 
Nita Storm: Now errs srers yt meinen sce eels 570 1965 VEPCO. 
BAtotormn, NOs sais ve tos han Cade heaters 570 1966 VEPCO. 
Total A ee. sen, eS ae 3, 120 


NEW PLANTS AND ADDITIONS SCHEDULED FOR 1967 TO 1973 SERVICE 


Paradise NOsoe en ee eras BOE eres Ohta ee 1, 130 1969" T.V.A: 
IR EYVSIONEINO A cried sions tes « bly aig epee es 865 1967 Keystone group of Pa.-N.Y.-Md. Pool. 
Keystone, NOs 2s ajeene seis ace one neers: 865 1968 Do. 
Conemaughi Nolte nc occsiae ens « Smoe a de ets 841 1970 Conemaugh group of Pa.-N.Y.-Md. Pool. 
Conemaugh Now? itor eer. eee ache 841" 1971 Do. 
Big Sandy Osteo wectrak on Awe. on caine ae sae oe 800 1969 Kentucky Power Co. (AEPCO System). 
Mitchell: No. laaoeteera. cts, olen op com ae ean e 800 1970 Appalachian Power Co. (AEPCO System). 
INC CIE ING. 2i sys e 2 so st ie om Gie ok siuc, cima 800 1971 Do. 
Momer City Now Vices aics sce psiais= tyes kde 640 1969 Pa. Electric Co. & N.Y.S. Gas & Elec. Co. 
Fiomer. City, NGOs ids tno tn oe Oe ante we ko es 640 1970 Do. 
@ardinaly No. Weyer hake le ies oes tae ose eee 615 1967 Ohio Power Co. and Buckeye Power, Inc. 
CardinaL No Zoe c cnt ee ria e fe ae a eh GTS 1967 Do. 
Muskingum RiveriNO wo aie faite cri. 615 1968 Ohio Power Co. (AEPCO System). 
Sammis: NOs Ogu. eae te ete oe as 600 1968 Ohio Edison Co. and Cleveland Elec. Illum. Co. 
SSASHITUS ING 27 Ge eter usle x er ote YS oe eine ven SA 600 1971 Do. 
Pia WE OULU ATE NO og ore Merstoois sine Site reid ols) occ 600 1970 Cincinnati Gas & Elec. Co.; Columbus & Southern 
Ohio Elec. Co.; Dayton Power & Light Co. 
eve Stuart Nos 2st ieee etek 8 oth nye 600 1972 Do. 
iso tart INOS mange: sie caminiteaag « « 600 1973 Do. 
Conesville NO AT iis ot steht bois a a% Mol + 600 1973 Do. 
BE VEAT UTS INOS Late ei psc Pega tioars et aide tiers sees 500 1967 Allegheny Power System & Duquesne Light Co. 
EeaMartin NOR 2 aortic acres une numre 500 1968 Allegheny Power System. 
Hatsheld Ferry NOa! 51,6 auto oes stele eo ote 540 1969 Do. 
Hatsheld werryaNon 2c ..ctec ca eee eee 540 1970 Do. 
eiatsheld, Ferry No. 3.3. eee on | ee ae 540 1972 Do. 
Cheswick No.1 ee ge ase ents car elas cate eters 500 1970 Duquesne Light Co. 
Cayira 4NO. Listes ntoiteans. Gata aes ot 500 1970 Public Service Co. of Indiana, Inc. 
Cony INO 2 sepa oe ee Naso ee he et Regt 500 1972 Do. 
Lotal fb yorr, = furs etch eee ee kien oes 17, 787 
1 There are several additional minemouth plants with and Annual Production Expenses,” various annual supple- 
units of less than 500 megawatts. ments. 


Source: FPC ‘“‘Steam-Electric Plant Construction Cost 
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CHART I 


PERCENT GENERATION BY TYPE OF FUEL AND HYDRO POWER 


NORTHEAST, EAST CENTRAL AND SOUTHEAST REGIONS COMBINED 
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CHART 2 


PERCENT GENERATION BY TYPE OF FUEL AND HYDRO POWER 


NORTHEAST REGION 
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CHART 3 


PERCENT GENERATION BY TYPE OF FUEL AND HYDRO POWER 
EAST CENTRAL REGION 
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CHART 4 
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CHART 5 


COST OF FUEL FOR ELECTRIC GENERATION 
Years 1966-1990 
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CHART 6 
ELECTRIC GENERATION BY FUELS AND HYDRO POWER 


NORTHEAST, EAST CENTRAL AND SOUTHEAST REGIONS 
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COAL FIELDS OF THE UNITED STATES 
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APPENDIX A—STACK PROCESSES 


Extraction 


1. Reinluft Process 

SO: is absorbed from the flue gases by char, and 
then removed as sulfuric acid. High costs and char 
problems have discouraged commercial use. 
2. Alkalized Alumina (Bureau of Mines) 

Another absorption process, developing ele- 
mental sulfur as the end product. 
3. DAP—Mn Process 

An absorption process using manganese oxide. 
Ammonia is required to develop the ammonium 
sulfate end product. 
4. Catalytic Oxidation 

The SO: is oxidized to SOs which forms sulfuric 
acid when the gases are cooled. 
5. Kiyoura—T.1.T. Process 

Similar to the catalytic oxidation process. Am- 
monia is injected to react with the SOs and form 
ammonium sulfate crystals. 
6. Wellman-Lord Process 

An absorbing fluid removes the SO: from the flue 
gas. This fluid is then heated in a stripping column 
to release dry SO: gas which can then be converted 
to elemental sulfur or sulfuric acid. 


7. Molten Salt (Atomics International) 

A scrubbing process using molten salt to remove 
SO, from flue gases would form sodium sulfite. The 
sulfite would be reduced to produce sulfur or sul- 
furic acid. 


8. Dual Cycle Regenerative Process 

A wet scrubbing process using the controlled 
vortex reactor, with recovery of SO: from the 
solution. 


9. Chromatographic Separation 
A wet scrubbing process using selective absorption 
in a regenerable liquid dispersed on a solid surface. 


Additive 


1. Dolomite—Combustion Engineering 

Limestone or dolomite are used to react with the 
SO:2. Both wet and dry systems are under considera- 
tion. Pilot plant work has been done and a full size 
unit has been ordered. 


2. Wet Scrubbers 
A wet process, involving a proprietary static mix- 


ing device. Particulates and SO: are scrubbed out 
of the stack gases when a caustic solution is used. 
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APPENDIX B—DEFINITION OF BITUMINOUS COAL AND LIGNITE 
PRODUCING DISTRICTS 


DISTRICT 1.—EASTERN PENNSYLVANIA 


Pennsylvania.—Armstrong County (part) .—All 
mines east of the Allegheny River, and those mines 
served by the Pittsburgh & Shawmut Railroad lo- 
cated on the west bank of the river. 

Fayette County (part).—All mines located on 
and east of the line of Indian Creek Valley branch 
of the Baltimore & Ohio Railroad. 

Indiana County (part).—All mines not served 
by the Saltsburg branch of the Pennsylvania 
Railroad. 

Westmoreland County (part).—All mines served 
by the Pennsylvania Railroad from Torrance, east. 

All mines in the following counties: Bedford, 
Blair, Bradford, Cambria, Cameron, Centre, 
Clairon, Clearfield, Clinton, Elk, Forest, Fulton, 
Huntingdon, Jefferson, Lycoming, McKean, Mifflin, 
Potter, Somerset, and Tioga. 

Maryland.—All mines in the State. 

West Virginia—All mines in the following 
counties: Grant, Mineral, and Tucker. 


DISTRICT 2.—WESTERN PENNSYLVANIA 


Pennsylvania.—Armstrong County (part) .—All 
mines west of the Allegheny River except those 
mines served by the Pittsburgh & Shawmut Rail- 
road. 

Fayette County (part).—All mines except those 
on and east of the line of Indian Creek Valley 
branch of the Baltimore & Ohio Railroad. 

Indiana County (part).—AlIl mines served by the 
Saltsburg branch of the Pennsylvania Railroad. 

Westmoreland County (part).—All mines except 
those served by the Pennsylvania Railroad from 
Torrance, east. 

All mines in the following counties: Allegheny, 
Beaver, Butler, Greene, Lawrence, Mercer, Ven- 
ango, and Washington. 


DISTRICT 3.—-NORTHERN WEST VIRGINIA 


West Virginia—Nicholas County (part).—All 
mines served by or north of the Baltimore & Ohio 
Railroad. 


All mines in the following counties: Barbour, 
Braxton, Calhoun, Doddridge, Gilmer, Harrison, 
Jackson, Lewis, Marion, Monongalia, Pleasants, 
Preston, Randolph, Ritchie, Roane, Taylor, Tyler, 
Upshur, Webster, Wetzel, Wirt, and Wood. 


DISTRICT 4.—OHIO 


All mines in the State. 


DISTRICT 5.—MICHIGAN 


All mines in the State. 


DISTRICT 6—PANHANDLE 


West Virgintia—All mines in the following 
counties: Brookie, Hancock, Marshall, and Ohio. 


DISTRICT 7._SOUTHERN NO. 1 


West Virginia—Fayette County (part).—All 
mines east of Gauley River and all mines served 
by the Gauley River branch of the Chesapeake & 
Ohio Railroad and mines served by the Virginian 
Railway. 

McDowell County (part).—All mines in that 
portion of the county served by the Dry Fork Branch 
of the Norfolk & Western Railroad and east thereof. 

Raleigh County (part).—All mines except those 
on the Coal River Branch of the Chesapeake & Ohio 
Railroad and north thereof. . 

Wyoming County (part) .—AlIl mines in that por- 
tion served by the Gilbert branch of the Virginian 
Railway lying east of the mouth of Skin Fork of 
Guyandot River and in that portion served by the 
main line and the Glen Rogers branch of the Vir- 
ginian Railway. 

All mines in the following counties: Greenbrier, 
Mercer, Monroe, Pocahontas, and Summers. 

Virginta—Buchanan County (part) .—All mines 
in that portion of the county served by the Rich- 
lands- Jewell Ridge branch of the Norfolk & Western 
Railroad and in that portion on the headwaters of 
Dismal Creek east of Lynn Camp Creek (a tributary 
of Dismal Creek). 
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Tazewell County (part).—All mines in those 
portions of the county served by the Dry Fork 
branch to Cedar Bluff and from Bluestone Junction 
to Boissevain branch of the Norfolk & Western 
Railroad and Richlands-Jewell Ridge branch of the 
Norfolk & Western Railroad. 

All mines in the following counties: Mont- 
gomery, Pulaski, Wythe, Giles, and Craig. 


DISTRICT 8.—_SOUTHERN NO. 2 


West Virginia—Fayette County (part).—All 
mines west of the Gauley River except mines served 
by the Gauley River branch of the Chesapeake & 
Ohio Railroad. 

McDowell County (part)\—AII mines west of and 
not served by the Dry Fork branch of the Norfolk & 
Western Railroad. 

Nicholas County (part).—All mines in that part 
of the county south of and not served by the Balti- 
more & Ohio Railroad. 

Raleigh County (part).—All mines on the Coal 
River branch of the Chesapeake & Ohio Railroad 
and north thereof. 

Wyoming County (part). All mines in that por- 
tion served by the Gilbert branch of the Virginian 
Railway and lying west of the mouth of Skin Fork 
of Guyandot River. 

All mines in the following counties: Boone, 
Cabell, Clay, Kanawha, Lincoln, Logan, Mason, 
Mingo, Putnam, and Wayne. 

Virginia—Buchanan County (part).—All mines 
in the county, except in that portion on the head- 
waters of Dismal Creek, east of Lynn Camp Creek 
(a tributary of Dismal Creek) and in that portion 
served by the Richlands-Jewell Ridge branch of 
the Norfolk & Western Railroad. 

Tazewell County (part).—All mines in the 
county except in those portions served by the Dry 
Fork branch of the Norfolk & Western Railroad 
and branch from Bluestone Junction to Boissevain 
of Norfolk & Western Railroad and Richlands- 
Jewell Ridge branch of the Norfolk & Western 
Railroad. 

All mines in the following counties: Dickinson, 
Lee, Russell, Scott, and Wise. 

Kentucky.—All mines in the following counties 
in eastern Kentucky: Bell, Boyd, Breathitt, Carter, 
Clay, Elliott, Floyd, Greenup, Harlan, Jackson, 
Johnson, Knott, Knox, Laurel, Lawrence, Lee, 
Leslie, Letcher, McCreary, Magoffin, Martin, 
Morgan, Owsley, Perry, Pike, Rockcastle, Wayne, 
and Whitley. 


Tennessee.—All mines in the following counties: 
Anderson, Campbell, Claiborne, Cumberland, Fen- 
tress, Morgan, Overton, Roane, and Scott. 

North Carolina.—All mines in the State. 


DISTRICT 9.—WEST KENTUCKY 


Kentucky.—All mines in the following counties 
in western Kentucky: Butler ,Christian, Crittenden, 
Daviess, Hancock, Henderson, Hopkins, Logan, 
McLean, Muhlenberg, Ohio, Simpson, Todd, 
Union, Warren, and Webster. 


DISTRICT 10.—ILLINOIS 


All mines in the State. 


DISTRICT 11—INDIANA 


All mines in the State. 


DISTRICT 12.—IOWA 


All mines in the State. 
DISTRICT 13.—SOUTHEASTERN 


Alabama.—All mines in the State. 

Georgia—All mines in the following counties: 
Dade and Walker. 

Tennessee.—All mines in the following counties: 
Bledsoe, Grundy, Hamilton, Marion, McMinn, 
Rhea, Sequatchie, Van Buren, Warren, and White. 


DISTRICT 14.—ARKANSAS-OKLAHOMA 


Arkansas.—All mines in the State. 
Oklahoma.—All mines in the following counties: 
Haskell, Le Flore, and Sequoyah. 


DISTRICT 15—SOUTHWESTERN 


Kansas.—All mines in the State. 

T exas.—All mines in the State. 

Missouri.—All mines in the State. 

Oklahoma.—All mines in the following counties: 
Coal, Craig, Latimer, Muskogee, Okmulgee, Pitts- 
burg, Rogers, Tulsa, and Wagoner. 


DISTRICT 16—NORTHERN COLORADO 


All mines in the following counties in the State: 
Adams, Arapahoe, Boulder, Douglas, Elbert, El 
Paso, Jackson, Jefferson, Larimer, and Weld. 
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DISTRICT 17—-SOUTHERN COLORADO 


Colorado.—All mines except those included in 


District 16. 
New Mexico.—All mines except those included 


in District 18. 
DISTRICT 18—NEW MEXICO 


New Mexico.-—All mines in the following coun- 
ties: Grant, Lincoln, McKinley, Rio Arriba, 
Sandoval, San Juan, San Miquel, Santa Fe, and 
Socorro. 

Arizona.—All mines in the State. 

California——All mines in the State. 


DISTRICT 19—WYOMING 


W yoming.—All mines in the State. 
Idaho.—All mines in the State. 


DISTRICT 20.—UTAH 


All mines in the State. 


DISTRICT 21—NORTH DAKOTA-SOUTH 
DAKOTA 


All mines in North Dakota and South Dakota. 
DISTRICT 22—MONTANA 
All mines in the State. 
DISTRICT 23——WASHINGTON 


W ashington.—All mines in the State. 
Oregon.—All mines in the State. 
Alaska.—All mines in the State. 
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